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“  ‘Near  Misses  In  Cardiac  Surgery'  is  a  comprehensive  look  at 
common  dilemmas  encountered  by  cardiac  surgeons  and  their 
associates  before,  during,  and  after  procedures.  Presenting  cases 
similar  to  the  Clinical  Pathologic  Conferences  (CPC)  in  the  New 
England  Journal  of  Medicine  many  years  ago,  Myles  Lee  interweaves 
humor,  coupled  with  thoughtful  analysis  and  pertinent  references,  to 
create  an  in-depth  learning  curve  for  the  surgeon  and  allied  health 
care  professionals  who  have  likely  confronted  similar  situations.  The 
basis  is  that  ‘the  data  ask  the  questions’  and  then  factual  knowledge 
becomes  blended  into  wisdom,  followed  by  experience  to  set  us 
upon  the  right  road  for  gaining  answers  in  a  volume  that  wonderfully 
broadens  our  decision  tree.”  Gerald  D.  Buckberg,  M.D.,  D.  Sc., 
Distinguished  Professor  of  Surgery,  Division  of  Cardiothoracic 
Surgery,  David  GefTen  School  of  Medicine  at  UCLA,  Los  Angeles, 
California. 

“In  the  surgical  battle  for  cardiac  diseases,  sudden,  unexpected 
complications  are  often  life-threatening  unless  they  are  promptly 
recognized  and  dealt  with.  In  this  splendid  book,  Dr.  Myles  Lee 
shares  from  his  long,  rich  experience  in  cardiac  surgery  such  ‘near 
misses,’  vividly  contributing  both  to  residency  training  for  the  novice 
and  continuing  education  for  the  more  seasoned  cutters  and  their 
teams.  Highly  recommended.”  Ray  C.J.Chiu,  M.D.,  Ph.D.,  FRCSC, 
FACS,  FACC,  Professor  and  Chair  Emeritus,  Cardiothoracic 
Surgery,  McGill  University  Health  Center,  Montreal,  Canada. 

“With  his  original  publication  of  this  book.  Dr.  Myles  Lee  presented 
a  unique,  interesting,  and  effective  way  of  learning  how  to  recognize 
and  avert  sudden  life-threatening  catastrophes  that  invariably  arise 
during  the  careers  of  all  clinically  active  cardiac  surgeons.  I  am 
delighted  that  Dr.  Lee's  important  contribution  to  cardiac  surgery  is 
now  being  re-issued  so  that  a  new  generation  of  surgeons  and  other 
professionals  can  benefit  from  his  practical  wisdom  as  we  have 
benefited  in  the  past.  There  are  no  better  examples  of  the  importance 
°f  ‘an  ounce  of  prevention'  than  one  will  find  within  these  pages,  and 
I  highly  recommend  this  book  to  all  cardiac  surgeons.”  James  L. 
Cox,  M.D.,  81s*  President,  The  American  Association  for  Thoracic 
Surgery. 


“Even  the  most  experienced  surgeons  will  benefit  from  reading  >Nea 
Misses  in  Cardiac  Surgery’  by  Dr.  Myles  Lee.”  Tirone  David,  M  g  r 
Professor  of  Surgery,  University  of  Toronto. 

‘‘The  cases  compiled  from  Dr.  Lee  s  personal  experience  provide 
a  window  to  the  most  stressed  moments  in  the  professional  life 
of  a  cardiothoracic  surgeon.  They  read  like  a  medical  thriller.  Dr. 

Lee  has  an  extraordinary  gift  in  bringing  to  life  the  visceral  feeling 
that  the  surgeon  experiences  when  confronted  with  the  unexpected 
and  deadly  during  the  course  of  what  was  supposed  to  have  been  a 
‘routine’  operation.  Every  case  in  the  book  demonstrates  how  the 
prepared  mind  of  the  experienced  surgeon  can  channel  the  adrenalin 
rush  of  dread  and  fear  into  calm,  deliberate,  and  organized  action 
that  ultimately  saves  his  patient’s  life.  In  Kipling’s  words,  ‘If  you  can 
keep  your  head  while  all  about  you  are  losing  theirs  and  blaming  it 
on  you.. .you’ll  be  a  Man,  my  son!’  In  cardiac  surgery,  it  is  moments 
like  these  that  separate  the  men  from  the  boys,  or  to  put  it  in  gender- 
neutral  terms,  the  professional  from  the  amateur.  Reading  this  book 
will  help  prepare  you  for  the  moment  when  the  unexpected  happens 
on  your  operating  table.”  M.  Arisan  Ergin,  M.D.,  Professor, 
Cardiothoracic  Surgery,  Mount  Sinai  School  of  Medicine;  Chief, 
Department  of  Cardiothoracic  Surgery,  Englewood  Hospital  and 
Medical  Center,  Englewood,  New  Jersey. 


Near  Misses  in  Cardiac  Surgery’  is  a  winner!  In  his  critical  appraisal 
of  several  occurrences  (or  more  accurately,  near  occurrences)  in 
cardiac  surgical  patients.  Dr.  Myles  E.  Lee  provides  a  reminder 
that  unexpected  adverse  outcomes  happen  for  a  reason.  We  just 
on  t  always  know  what  the  reason  is.  If  we  are  to  succeed  in  our 
esire  to  create  an  atmosphere  of  patient  safety  we  must  make  every 

wronp  n°  T  e^Stanc*  biol°gy  or  systems  at  play  when  things  go 
hones8tannrLeeiha?u0ne  “  extraordinary  job  of  showing  how  an 
judgment'  h"  ?  T  ^  C0UrSe  Events  are  affected  by  his  own 

his  team  can  avert  ^rtentialwd*- d,SCaSe’  a"d  the  suPPort  Provided  by 
hook  a  winner  it  is  a  ^  disastrous  outcomes.  Not  only  is  the 

clinicians  in  nearlv  t'me^  and  instructive  example  of  how  as 
^arly  any  med.cal  field  we  can  find  ways  to  blamelessly 


inalyze  and  correct  our  actions  and  create  optimum  systems  of  care 
so  important  for  reducing  medical  errors.”  Richard  J.  Gray,  M.D., 
Medical  Director  CPMC  Heart  and  Vascular  Center  and  Sutter 
pacific  Heart  Centers,  San  Francisco,  California 

“This  human  account,  based  on  Lee’s  enormous  wealth  of  knowledge 
and  experience,  delivers  over  and  over  one  singular  message: 
teamwork  and  communication  are  the  keys  to  effective  cardiovascular 
care.  Students  and  veterans  alike  will  benefit  greatly  from  this  text.” 

Kelly  D.  Hedlund,  M.S.,  CCP,  Chief  Perfusionist,  The  Michael  E. 
Debakey  Heart  Institute  of  Kansas,  Hays,  Kansas. 

“I  first  read  ‘Near  Misses’  when  it  was  published  16  years  ago.  Its 
lessons  are  as  fresh  and  instructive  today  as  they  were  then,  despite 
changing  technologies  and  techniques.  The  ability  to  think  on  one's 
feet,  rapidly  evaluate  critical  situations,  and  make  the  best  possible 
decisions,  even  in  the  face  of  incomplete  information,  is  the  sine  qua 
non  of  the  good  surgeon.  Surgeons  who  strive  to  be  very  good  at 
their  craft  through  continual  improvement  of  their  mental  as  well  as 
manual  skills  will  appreciate  and  benefit  from  this  book.”  Robert  M. 
Sade,  M.D.,  Professor  of  Surgery;  Director,  Institute  of  Human 
Values  in  Health  Care,  Medical  University  of  South  Carolina. 

“’Near  Misses  in  Cardiac  Surgery’  is  a  unique  contribution  to  the 
technical  literature  in  cardiac  surgery.  Dr.  Lee,  an  experienced  cardiac 
surgeon,  has  compiled  an  extensive  collection  of  real-life  scenarios 
that  will  be  useful  to  new  and  more  seasoned  surgeons.  One  of  the 
tenets  of  contemporary  quality  improvement  is  that  the  study  of  such 
near  misses’  can  provide  invaluable  learning  experiences.  Most 
technical  atlases  provide  a  description  of  the  ideal  operation — how 
you  would  like  things  to  happen.  Dr.  Lee  gives  us  examples  of  how 
that  idealized  plan  can  often  go  awry.  Most  importantly,  especially 
tor  younger  surgeons,  he  demonstrates  how  such  problems  could 
have  been  averted  and  how  to  deal  effectively  with  them."  David 
M.  Shahian,  M.D.,  Chair,  Society  of  Thoracic  Surgeons  Quality 
Measurement  Task  Force. 


You  are  responsible  for  the  skin  and  its  contents. 


Samuel  R.  Magruder,  M.D. 
Professor  of  Anatomy 
Tufts  University 
School  of  Medicine 
Boston,  Massachusetts 
1961 


With  affection  and  respect  to  Philip  N.  Sawyer,  M.D. 
who  initiated  me  into  the  rites 

To  the  memory  of  David  Preston  Boyd,  M.D. 
who  illuminated  my  path 

And  with  love 

to  Allison  Elizabeth,  Evan  Preston,  and  Ladybug 
who  give  relevance  to  everything  that  is  good 
and  worth  a  struggle 


Contents 


Foreword 

Foreword  to  the  Reissue 
of  the  First  Edition 
Preface 

Preface  to  the  Reissue 
of  the  First  Edition 
Acknowledgments 
Acknowledgments  to  tin 
of  the  First  Edition 
Case  1  1 

Case  2  3 

Case  3  5 

Case  4  9 

Case  3  13 

Lagniappe  17 
Case  6  19 

Case  7  23 

Case  8  27 

Case  9  31 

Case  10  35 

Case  11  39 

Case  12  41 

Case  13  45 

Case  14  47 

Case  15  51 

Case  16  53 

Case  17  57 


XV 

Case  18 

59 

Case  19 

63 

xvii 

Case  20 

65 

xix 

Case  21 

67 

Lagniappe 

69 

xxi 

Case  22 

71 

xxiii 

Case  23 

73 

:  Reissue 

Case  24 

77 

XXV 

Case  25 

81 

Case  26 

85 

Lagniappe 

87 

Case  27 

89 

Case  28 

91 

Case  29 

95 

Case  30 

97 

Case  3 1 

101 

Case  32 

105 

Case  33 

107 

Case  34 

111 

Case  35 

115 

Case  36 

119 

Case  37 

123 

Case  38 

127 

Case  39 

131 

Case  40 

135 

Afterword 

139 

Index 

141 

Foreword 


Before  reading  this  book,  I  knew  that  "Skin  and  Contents"  was 
the  answer  I  might  expect  from  some  surgeon  who  was  asked, 
"What  is  your  surgical  specialty?"  However,  Dr.  Lee  makes  it 
clear  that  "Skin  and  Contents"  is  not  the  punch  line  to  a  bad  joke 
(although  some  people  who  gave  this  answer  were  quite  serious), 
but  rather  a  way  to  express  the  need  for  physicians  to  look  be¬ 
yond  their  own  specialty  and  to  be  aware  of  not  only  the  whole 
patient  but  the  whole  of  medicine.  Other  principles  or  messages 
this  book  delivers  in  a  most  eloquent  way  are  the  need  for  team¬ 
work  and  the  importance  of  communication,  not  only  among 
physicians,  but  among  everyone  on  the  healthcare  team.  Dr.  Lee 
proposes  that  the  eighth  deadly  sin  is  Medicine  without  Team¬ 
work — a  sin  I  have  unfortunately  seen  too  many  times. 

The  author  readily  admits  that  this  book  was  inspired  by  his 
reading  Near  Misses  in  Anesthesia.  He  avoids  the  easy  trap  of  writ¬ 
ing  a  "Look  how  smart  I  was  to  make  the  diagnosis  and  save  the 
patient's  life"  kind  of  book  and  instead  presents  us  with  a  warm, 
human  account  based  on  his  great  knowledge  and  experiences. 

It  is  my  personal  belief  that  teaching  with  cases  of  "near  misses" 
is  much  more  effective  than  a  dry  discussion  of  "Complications 
of...". 

Besides  emphasizing  the  importance  of  teamwork  and  commu¬ 
nication,  there  are  other  important  lessons.  The  author  gives  re¬ 
peated  examples  of  the  fact  that  surgical  morbidity  and  mortality 
are  a  function  of  correct  decisions,  not  incisions.  This  message 
should  be  inscribed  on  the  entrance  to  every  Department  of  Sur¬ 
gery  as  well  as  imprinted  on  every  surgeon.  Other  valuable  les¬ 
sons  include:  plan  ahead,  and  don't  make  the  same  mistake 
twice.  The  key  to  achieving  success  is  the  acquisition  of  knowl¬ 
edge  and  its  wise,  compassionate,  and  skillful  application.  Dr. 

Lee  also  points  out  that  proper  planning  and  decision-making 
encompass  what  must  be  accomplished,  what  should  be  at¬ 
tempted,  what  is  most  likely  to  go  wrong,  and  how  to  deal  with 
what  might  go  wrong.  One  of  the  most  important  points  made  in 
the  book  concerns  the  proper  question  a  surgeon  or  any  physi¬ 
cian  should  ask  himself,  which  is  "What  should  be  attempted? 
and  not  "What  am  I  capable  of  doing?"  This  point  is  brought 
home  by  an  example  of  a  patient  who  suffered  because  the  physi¬ 
cian  mistakenly  asked  the  latter  rather  than  the  former  question. 
This  is  an  example  of  what  we  all  should  have  learned  in 
kindergarten — the  difference  between  can  I  and  may  I 
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Dr.  Lee  ends  the  book  with  his  keys  to  facilitate  conve 

experience  to  effective  action.  These  are  Vigilance  (which  k°tK  °f 
motto  of  the  American  Society  of  Anesthesiologists),  Com  • 
tion  (with  physicians  of  the  same  or  a  different  specialty)  th^t^ 
problems  exist  and  must  be  remedied,  a  Standard  approach  tha 
emphasizes  simplicity  and,  finally.  Anticipation  of  the  next  ste  * 
This  book  should  be  read  by  surgeons,  cardiologist,  CP’ 
anethesiologist,  and  internists.  Beyond  containing  numerous 
pearls,  it  is  a  pleasure  to  read.  Dr.  Lee  writes  exceedingly  well 
turns  graceful  phrases,  and  has  a  sly  wit.  Not  only  will  the  reader 
enjoy  reading  this  book  but  s/he  will  be  in  a  far  better  position  to 
prevent  a  "near  miss"  from  becoming  a  "direct  hit." 

Ronald  L.  Katz,  M.D. 

Professor  of  Anesthesiology 

Former  Chairman,  Department  of  Anesthesiology 

Former  Chief  of  Staff,  UCLA  Medical  Center 


Foreword  to  the  Reissue  of 
The  First  Edition 


During  the  past  century,  surgeons  began  aggressive,  direct  treatment 
of  cardiovascular  diseases.  With  the  advent  of  improved  diagnostic 
techniques  using  digital  and  computerized  methodology,  less  invasive 
procedures  were  introduced.  Conditions  which  were  considered  to  be 
solely  in  the  surgeon’s  domain  have  become  correctable  in  the  cardiac 
catheterization  or  radiologic  laboratories.  In  the  present  era  of  constant 
change,  the  physician  and  patient  must  be  prepared  to  select  the  most 
appropriate  treatment  in  a  particular  case.  No  matter  which  treatment 
modality  the  patient's  physicians  select — surgical,  interventional,  or 
a  hybrid  of  both— the  principles  emphasized  by  Dr.  Myles  Lee  in  this 
book  (the  team  concept,  communication,  vigilance,  standardization  and 
simplicity  of  procedures,  anticipation  of  the  next  step)  will  facilitate 
success,  as  well  as  the  welfare  and  comfort  of  the  patient,  even  in  today’s 
complex  procedures. 

Denton  A.  Cooley,  M.D. 

Surgeon-in-Chief 
Texas  Heart  Institute 
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Preface 


Mahatma  Gandhi  propounded  the  seven  deadly  sins  to  be  wealth 
without  work,  pleasure  without  conscience,  knowledge  without 
character,  commerce  without  morality,  science  without  humanity, 
worship  without  sacrifice,  and  politics  without  principle.  Without  in¬ 
tending  to  disgrace  or  trivialize  this  noble  list,  I  would  add  an  eighth: 
medicine  without  teamwork. 

The  complexity  of  contemporary  medicine  has  created  an  age 
of  specialization  in  which  experts  master  highly  distilled  bodies  of 
knowledge  applicable  to  one  field,  virtually  to  the  exclusion  of  the 
delivery  of  cardiovascular  surgical  care  requires  the  synthesis  of 
multiple  disciplines  acting  in  concert  to  create  a  carefully  or  chestrat¬ 
ed  sequence  of  events  that,  like  the  notes  of  a  symphony  played  by  a 
variety  of  instruments,  flow  to  an  inevitable  conclusion.  It  requires 
teamwork. 

Teamwork  is  the  timely  and  constant  exchange  of  information 
among  disciplines  that  affects  a  patient’s  progress  on  a  moment-to- 
moment  basis.  The  ability  to  share  effectively  one’s  comments,  ob¬ 
servations,  or  demands  for  immediate  action  in  this  manner  presup¬ 
poses  that  each  specialist  have  at  least  a  basic  working  knowledge  of 
everyone  else’s  expertise.  The  anesthesiologist,  for  example,  should 
be  able  to  assess  the  validity  of  a  patient’s  measured  hemodynam¬ 
ics  by  his  knowledge  and  experience  blended  with  observation  of 
the  cardiac  action  in  the  operative  field.  The  cardiac  surgeon  should 
be  able  to  correlate  the  activity  of  the  heart  with  the  hemodynam¬ 
ics  displayed  on  the  monitors.  Between  them,  they  should  be  able 
to  decide  if  a  low  blood  pressure  reading  is  a  function  of  monitor 
calibration,  air  or  clot  in  the  arterial  line,  malposition  of  the  line, 
a  metabolic-  or  drug-induced  lowering  of  the  peripheral  vascular 
resistance,  failure  of  a  ventricular  septal  defect  repair,  acute  malfunc¬ 
tion  of  a  prosthetic  valve,  or  ventricular  power  failure.  Furthermore, 
the  physician  should  not  feel  embarrassed  if  an  anesthesia  technician 
notices  that  a  stopcock  in  the  arterial  line  has  been  partially  closed, 

°r  if  a  scrub  nurse  observes  that  the  abdomen  has  become  notice¬ 
ably  distended  as  a  consequence  of  the  patient’s  ruptured  abdominal 
sortie  aneurysm. 

,  ^  Cruc'al  interdependence  exists  among  the  various  members  of 
e  eart  team,  making  it  imperative  that  they  be  able  to  recognize 
articulate  observations  of  real  or  imagined  problems  that  may  or 
enT  n ?  aCtUa,,y  within  the  realm  of  their  expertise.  The  pres- 

e  0  such  interaction  induces  the  comfort  of  shared  responsibility. 
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as  well  as  the  mutual  reassurance  and  increased  likel  h 
sideration  in  the  patient’s  best  interest  has  been  addre!? that  eveiA/ 
of  mutual  checks  and  balances  that  constitutes  the  esse'  h  is  this V’ 

Surgical  morbidity  and  mortality  are  a  direct  function  Cf°f  teani 
sions,  not  incisions.  The  diagnosis  of  the  patient’s  diseas*  COrrect  deci 
the  procedure  selected  for  the  patient  must  be  correct  and  th  USt  be  c°ne 
be  correctly  selected  to  withstand  the  procedure.  Although"6  Patient  ^ 
the  surgeon  must  alter  a  procedure  because  of 

unexpected  find"  °CCasiot1> 

events,  the  operation  is,  in  general,  the  most  predictable  part  fT  °r 
diagnostic  and  therapeutic  sequence  and  is  always  performed°  ^  6ntire 
manner.  This  must  not  lull  the  heart  team  into  the  belief  that  0°  3 Standard 
lance  is  not  necessaiy.  In  retrospect,  a  case  that  has  gone  extremT™  V'gi' 
may  regarded  as  a  “slam  dunk.”  During  its  performance  howeve/  Wel1 
can  be  regarded  as  “routine.”  ’  ’ no  Case 

An  illness  and  its  therapy  can  be  as  convoluted  as  a  maze.  The  nat‘ 
must  be  led  through  this  maze,  not  followed.  Because  the  patient  hasn’t 
a  clue  where  he  is  going,  he  will  quickly  lose  his  way,  choose  the  path 
of  least  resistance,  and  lead  all  who  follow  him  into  the  same  bottom¬ 
less  abyss  as  their  white  jackets,  stethoscopes,  strings  of  clinical  pearls 
reprints,  and  best  intentions  bob  helplessly  in  his  wake. 

Inspired  by  Lewis  and  Fontrier’s  Near  Misses  in  Anesthesia  (Butter- 
worth-Heinemann,  Boston:  1988),  the  author  presents  a  similar  collection 
of  transiently  terrifying  dilemmas  in  the  volume  of  Near  Misses  in  Cardiac 
Surgery,  recognized  and  aborted  just  in  time  to  prevent  irretrievable  trag¬ 
edy.  Gathered  from  institutions  in  which  the  author  has  been  a  member  of 
the  surgical  staff,  these  near-calamities  bear  witness  to  the  fact  that  it  is  not 
only  the  patient  who  goes  home  with  a  scar!  Having  said  this,  the  author, 
a  cardiothoracic  surgeon  who  profited  from  reading  about  near  misses 
in  anesthesia  hopes  that  not  only  cardiac  surgeons,  but  anesthesiologists, 
perfusionists,  cardiologists,  internists,  residents,  nurses,  technicians,  and 
students  will  benefit  from  these  truly  vexatious  experiences. 

In  order  to  convey  a  sense  of  the  pain  and  anguish  endured  by  mem¬ 
bers  of  the  team  confronting  these  near-catastrophes,  and  to  challenge  the 
reader  to  feel  that  the  patient’s  fate  depends  upon  his  ability  to  make  the 
correct  ecisions  quickly,  the  author  has  presented  cases  in  the  second 
u*X  tense.  The  cases  are,  to  be  sure,  anecdotal.  Some  were 
current  \i  y  methodologies  appropriate  at  the  time  but  not  necessarily 
juT"‘ntN°‘a"  concem  matters  of  technique;  some  touch  upon  issues  of 

diagnostic,  and  Sera^uTc  iTsues  The' 7*™  Wi‘h  T”16* 
being  exhaustive  a  Ji  C  Jsues*  The  discussions  make  no  pretense  at 

further  inquiry.  The  reade^o  pr0Vjde  a  mere  sorting  point  for 

presented  here  survivedlhe  acnt^  k,n°W’ however’ that  al1  the  Patients 

were  made  sweating  it  out  in  tu  *  ^,tuatlon  and  that  the  correct  decisions 
an  armchair.  e  &  are  °f  the  lights,  not  in  the  comfort  of 
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Preface  to  the  Reissue  of 
The  First  Edition 


Recent  years  have  seen  remarkable  advances  in  the  technologies 
used  to  treat  cardiothoracic  and  vascular  diseases.  These  include  the 
revival  of  ofT-pump  coronary  artery  bypass  surgery,  mini-invasive, 
video-assisted  robotic  approaches  to  coronary  artery  disease,  valve  repair 
and  valve  replacement,  and  the  ablation  of  arrhythmias;  video-assisted 
thoracoscopic  resection  of  lung  lesions;  and  the  endovascular  approach 
to  the  treatment  of  aortic  aneurysms  and  dissections,  all  of  which  enable 
dramatic  reductions  in  morbidity  and  mortality  in  an  increasingly  elderly 
population. 

Some  diseases,  at  one  time  treated  exclusively  in  the  surgical 
arena,  have  become,  or  are  becoming,  part  of  the  armamentarium 
of  interventionalists  in  the  laboratory.  Most  patients  will  opt  for  any 
procedure  that  can  be  safely  accomplished  with  catheters  via  vascular 
access  rather  than  through  large  (or  small)  incisions.  These  include 
percutaneous  angioplasty  and  stenting  for  coronary  arteiy  disease, 
percutaneous  repair  of  mitral  valve  insufficiency,  percutaneous 
replacement  of  the  aortic  valve,  ablation  of  supraventricular  arrhythmias, 
and  closure  of  patent  ductus  arteriosus,  atrial,  and  ventricular  septal 
defects. 

The  definition  of  the  interventionalist,  usually  non-surgeons 
(cardiologist,  radiologist)  armed  with  the  technology  to  perform 
procedures  previously  done  by  surgeons  but  who  require  backup  for 
conversion  to  an  open  procedure  in  the  event  of  a  mishap,  will  ultimately 
change.  Initially,  there  will  be  a  transition  period  in  which  surgeons  will 
learn  the  interventional  approaches  in  order  to  understand  and  plan  for 
the  inevitable  complications.  The  more  complex  endovascular  procedures 
will  be  performed  in  a  hybrid  type  of  room,  or  endosuite,  a  combination 
operating  room  and  angiographic  suite,  that  enables  quick  conversion  to 
an  open  procedure  without  transporting  the  patient  from  the  laboratory  to 
a  fully  capable  operating  room. 

As  interventionalists  attempt  more  procedures,  and  they  become 
more  sophisticated  and  more  successful  in  their  attempts,  the  number 
of  surgeons  with  enough  experience  to  tackle  the  open  procedure 
will  diminish.  I  foresee  that  we  shall  experience  a  consolidation  of 
all  such  procedures  into  regional  centers  where  the  experience,  both 
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interventional  and  surgical,  can  achieve  a  level  of 
to  ensure  optimal  results  using  any  modality.  Concentrati0n  s 
No  matter  the  technological  advances,  however  a  d 
disruptions  and  dislocations  they  create  in  the  deliver  of**  teniporarv 
and  vascular  health  care  as  we  have  known  it,  a  basic 
persist.  Attributed  to  renowned  historian  Daniel  J.  Boorstin^ 'V'11 
states  the  following:  "Trying  to  plan  for  the  future  without  Princip,e 

past  is  like  trying  to  plant  cut  flowers.  ”  Senseofthe 

Some  of  the  solutions  to  the  problems  presented  in  this  book 
be  dated  by  today’s  standards.  The  newer  approaches  to  the  treatmlT 
of  cardiothoracic  disease  will  present  new  problems.  But  the  advent  if 
new  and  dramatic  technologies  will  never  void  the  caveat  of  the  eighth 
deadly  sin:  medicine  without  teamwork.  Decisions  will  always  remain 
more  important  than  incisions.  Patients  will  still  have  to  be  led  and 
not  followed.  The  successful  delivery  of  health  care  in  the  future  will 
continue  to  require  teamwork,  communication  amongst  converging 
specialties,  vigilance,  a  standardized  approach,  simplicity  of  execution, 
anticipation  of  the  next  step  (or  misstep),  and,  above  all,  compassion  for 
those  frightened  and  devastated  by  illness. 

This  reissue  of  “Near  Misses  in  Cardiac  Surgery”  offers  new 
generations  of  surgeons  and  other  professionals  that  interact  with  our 
field  the  opportunity  to  reconnect  with  the  principles  that  facilitate 
success  in  the  treatment  of  any  illness  using  any  technique. 
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xxv 


1 


The  sun's  golden  crest  is  just  visible  over  the  mountaintops  as 
you  bound  out  of  bed  and  head  for  the  hospital  on  an  empty 
freeway  enchanted  by  Chopin's  nocturnes.  You  will  operate  on  a 
45-year-old  man  with  an  8-year  history  of  exertional  angina.  He 
had  exercise-induced  anterior  segment  wall  motion  abnormali¬ 
ties,  a  positive  exercise  thallium  study  and  angiographic  confir¬ 
mation  of  a  long  muscle  bridge  overlying  the  mid-portion  of  the 
left  anterior  descending  coronary  artery.  Except  for  some  left 
ventricular  apical  akinesis,  cardiac  function  was  normal.  Medical 
therapy,  which  included  beta  blockers  and  calcium  channel 
blockers,  had  failed  to  relieve  the  symptoms.  Dividing  a  muscle 
bridge?  A  resident7 s  case! 

At  surgery,  the  aorta  was  slightly  smaller  than  you  expected  in 
a  75  kg  patient.  You  perform  the  standard  cannulations  with  a  24 
French  (Fr.)  cannula  in  the  ascending  aorta,  a  51-36  double-caged 
venous  drainage  cannula,  and  an  aortic  root  cardioplegia-venting 
catheter. 

You  observe  a  totally  normal  bleedback  through  the  aortic 
cannula  and  commence  cardiopulmonary  bypass.  At  the  onset  of 
ventricular  fibrillation,  you  crossclamp  the  aorta,  administer 
cardioplegia  through  the  aortic  root,  and  begin  topical  cooling. 

As  you  elevate  the  heart  from  the  pericardium,  the  back  of  your 
right  hand  encounters  a  cold,  amorphous,  posterior  mediastinal 
mass  that  sends  a  paralyzing  chill  to  the  bottom  of  your  feet.  Si¬ 
multaneously,  the  perfusionist  casually  informs  you  that  he  can¬ 
not  maintain  a  flow  rate  of  more  than  1.8  L/min/m2  and  that  the 
urine  output  has  virtually  disappeared.  You  know  what  it  is  but 
can't  believe  it  is  happening  to  this  healthy  young  patient,  the 
very  first  from  a  new  referral  source,  and  on  such  a  bright  sunny 
morning. 
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Rn  lamping  the  aorta  •»  clear  to ^to***^ 
iMir  artery  a*  pomlbk.  you  remove  the  aorlti 
cannula  and  open  the  aorta  transversely 
through  the  cannulabon  aite  This  enables  you 
to  identify  a  1-cm  laceration  in  the  posterior 
wall  ol  the  attending  aorta,  just  where  you 
Mispni  the  tip  of  the  cannula  had  embedded 
Ihwif,  but  find  that  the  laceration  lies  partially 
within  ihr  jaws  of  thr  cmaarlamp 
While  cooling  to  15*  C,  you  divide  the 
muMir  bodge  (which  has  now  become  an  in¬ 
cidental  pari  of  the  procedure)  and  then  return 
to  thr  ascending  aorta  You  replace  the  aortic 
ctpsik  lamp  between  the  innominate  and  left 
camttd  artenea,  clamping  the  innominate  ar¬ 
tery,  as  well  This  allows  full  exposure  of  the 
laceration,  and  you  deftly  close  it  with  four 
plolgeted  sutures  By  the  time  you  terminate 
the  pmerdurr,  the  posterior  mediastinal  mass 
Is  barely  palpable,  and  the  patient  leaves  the 
operating  mom  in  stable  condition. 
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most  common  etiology  is  mtimal  m 
by  a  partial  occlusion  clamp,  but  T' 
have  been  known  to  occur  at  the  s^'***1*** 
cannulatlon  and  at  the  proximal  7*  °* 
sites  of  coronary  artery  bypass  vTah^**0***** 
Perioperative  dissections  may  u 
by  not  using  partial  occlusion  clamp/^** 
ering  aortic  pressure  before  any  cri  '  ^ 
ing  or  unclamping,  and  by  gent^f0'* 
approximation.  It  is  wise  to  cannulate  u*mp 
tending  aorta  proximally  enough 
enough  space  exists  to  accomplish  expnl^ 
and  local  repair  without  clamping  the  b[*^ 
cephalic  vessels. 

An  aortic  dissection  must  be  consid 
when  there  is  an  unexplained  rise  in  ao?v 
perfusion  pressure  followed  by  diminished 
flow  rates  and  impaired  urine  output.  The  di¬ 
agnosis  can  be  facilitated  if  the  dissection  n 
visible  in  the  ascending  aorta,  but,  as  illUs. 
trated  here,  the  dissection  may  not  necessarily 
manifest  itself  in  this  manner.  The  diagnosis  m 
this  case  was  virtually  stumbled  upon,  but  the 
simultaneous  combination  of  the  posterior 
pericardial  mass,  the  perfusionist's  complaint, 
and  a  high  index  of  suspicion  tempered  by 
previous  experience  led  to  the  patient's  sur¬ 
vival.  Although  local  repair  was  possible, 
more  extensive  repairs  may  require  aortic  re¬ 
placement  with  prosthetic  grafts. 
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A  72-year-old  hypertensive  patient  was  admitted  because  of  un¬ 
stable  angina.  Cardiac  catheterization  revealed  severe  triple  ves¬ 
sel  coronary  artery  disease.  Prior  to  the  induction  of  anesthesia,  a 
Swan-Ganz  pulmonary  artery  catheter  was  advanced  to  the 
wedge  position  through  the  right  internal  jugular  vein.  The  right 
atrial,  pulmonary  artery,  and  pulmonary  capillary  wedge  pres¬ 
sures  were  10, 33/19,  and  15  mm  Hg,  respectively.  After  harvest¬ 
ing  the  saphenous  vein,  you  request  the  anesthesiologist  to 
administer  heparin  prior  to  routine  cannulations  of  the  ascending 
aorta  and  the  right  atrium.  You  are  about  to  begin  cardiopulmo¬ 
nary  bypass  when  the  anesthesiologist  informs  you  of  a  torrential 
tide  of  red  blood  that  has  suddenly  flooded  the  endotracheal 
tube.  You  are  incredulous!  This  has  arisen  at  an  extremely  awk¬ 
ward  moment  in  a  heparinized,  cannulated  patient  whose  saphe¬ 
nous  vein  has  already  been  harvested!  You  must  take  action  now! 


3 


SOLUTION  „_ranz  catheter  has 
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segment  °( ‘he  ^^d  with  the  operation  as 
You  decide  to  proc  ,  severe  coro- 

nary  artery  disease  there  should 

di0pu|mona^  ^ the  pulmonary 
be  near-total  decompi  reduction  in 
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performed  more  safely  in  a  revasculanzed  pa¬ 
rent.  You  complete  the  coronary  arteryby- 
pass  grafts  uneventfully.  Prior  to  separation  of 
the  patient  from  cardiopulmonary  bypass, 
you  notice  that  the  right  lung  has  become 
hyperinflated  and  perform  a  bronchoscopy  to 
remove  the  clot  you  suspect  has  obstructed  the 
right  main-stem  bronchus;  thereafter,  normal 
lung  dynamics  resume.  There  is  no  change  in 
the  size  of  the  subpleural  hematoma,  and  you 
terminate  bypass.  You  then  start  a  nitroglycer¬ 
ine  drip  to  reduce  preload  as  the  protamine 
runs  in  and  you  are  relieved  to  observe  no  fur¬ 
ther  bleeding. 
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can  result  from  miscalculation  c 
cathete'  required  lo,  wedgin  g  ta  an  ind 
Patient,  as  well  as  from  an  overzealoi 
nique  of  insertion.  Puimoruny^rtery  | 
ons  can  be  prevented  by  using  onl 
pressure  on  insertion  tu  « 
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evated  from  the  pericardium  f0 

during  surgery.  r  exPoSu,e 

Once  catheter-induced  hemoptysisll 
identified,  treatment  includes  insert  ^ 
double  lumen  endotracheal  tube  or  '°n  °f  a 
tracheal  tube  that  incorporates  a  b* ^ 
blocker,  if  the  bleeding  is  extensive  to0”0*"18 
flooding  of  the  opposite  main-stem  bm^ 
Positive  end-expiratory  pressure  may^' 
tively  control  lesser  degrees  of  bleedin 
these  methods  fail,  lobectomy  may  be8 
quired.  If  bleeding  had  continued  during  th 
course  of  the  surgery,  clamping  of  the  puhJ 
nary  hilum  would  have  provided  tempora 
control.  Leaving  the  catheter  in  place  can  IJ. 
cilitate  direct  visualization  of  the  perforation 
site  and  permit  local  control  without  the  ne¬ 
cessity  of  pulmonary  resection. 

Among  other  significant  problems  reported 
during  the  insertion  of  pulmonary  artery  cath¬ 
eters  that  require  urgent  attention  is 
cannulation  of  the  carotid  artery  with  an  intro¬ 
ducer  or  sheath.  Should  this  occur  in  a  patient 
who  needs  an  immediate  procedure  dial  re¬ 
quires  heparinization,  the  sheath  should  be  re¬ 
moved  and  the  carotid  injury  repaired  with 
sutures  under  direct  vision.  The  induction  of 
right  bundle  branch  block  is  also  a  known 
complication  of  pulmonary  artery  catheter¬ 
ization.  Should  a  pulmonary  artery  catheter  be 
required  in  a  patient  with  preexistent  left 
bundle  branch  block,  a  model  with  a  port  for 
the  introduction  of  a  pacing  electrode  should 
be  employed. 
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A  65-year-old  patient  presents  with  crescendo  angina  and  an  eva¬ 
nescent  murmur  consistent  with  papillary  muscle  ischemia.  Car¬ 
diac  catheterization  reveals  a  resting  left  ventricular  end  diastolic 
pressure  of  14  mm  Hg,  which  rises  to  43  mm  Hg  with  an  episode 
of  chest  pain.  This  results  in  2+  to  3+  mitral  insufficiency.  There  is 
severe  triple  vessel  disease  as  well,  which  includes  a  left  mam 

^Atsurgery,  the  cardiac  chambers  are  of  normal  size.  No  thrill 
can  be  palpated  in  the  left  atrium  even  when  the  blood  pressure 
is  elevated  and  v  waves  recorded  on  the  wedge  tracing.  You  de¬ 
cide  that  repair  of  the  mitral  valve  is  unnecessary  and  would  be 
difficult  because  of  the  small  size  of  the  left  atrium.  Because  of  the 
inconstant  clinical  and  laboratory  findings  of  mitral  insufficiency, 
you  believe  that  revascularization  alone  will  suffice.  You  proceed 
with  the  uneventful  bypass  of  the  left  anterior  descending,  diago¬ 
nal,  circumflex,  and  right  coronary  arteries  with  vein  grafts.  After 
appropriate  rewarming  and  evacuation  of  air  from  the  grafts  and 
the  left  ventricle,  you  terminate  cardiopulmonary  bypass  without 
difficulty,  although  you  introduce  low  dose  dobutamine  to  opti¬ 
mize  the  hemodynamics.  You  decannulate  the  patient,  secure 
hemostasis,  implant  pacing  wires  and  mediastinal  drains,  insert 
the  sternal  wires,  and  close  the  incision.  The  anesthesiologist  sud¬ 
denly  informs  you  that  the  blood  pressure  is  50  mm  Hg.  To  your 
horror,  the  regular  QRS  complexes  on  the  monitor  disappear, 
and  are  replaced  with  unequivocal  ventricular  fibrillation.  You 
agonize  as  to  what  this  could  possibly  be  as  you  lunge  for  the 
wire  cutters. 

Upon  reentering  the  chest  you  find  a  dilated,  cyanotic  heart  in 
full  arrest.  As  you  institute  open  massage,  you  can't  help  but  no¬ 
tice  that  the  heart  has  a  strange  spongy  feel,  as  though  it  were  full 
of  cellophane.  A  closer  look  reveals  air  bubbles  in  all  the  bypass 
grafts  and  coronary  arteries  as  well.  You  are  stunned!  The  patient 
had  been  decannulated  and  the  chest  closed!  How  could  the  air 
have  gotten  there? 
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A  69-vear-old  patient  who  had  previously  undergone  a 
reoperation  for  coronary  artery  disease  now  has  recurrent  an- 
einH  months  later  and  requires  a  third  procedure.  AU  his  na- 
rive  coronary  arteries  are  closed  and,  of  four  vem  grafts,  only 
one  is  patent.  Remarkably,  left  ventricular  function  is  well-pre¬ 
served.  Because  of  the  precarious  coronary  circulation,  you  plan 
to  use  antegrade-retrograde  cardioplegia.  The  procedure  is  tech¬ 
nically  difficult  and  the  targets  small.  The  left  internal  thoracic 
artery  had  been  the  only  graft  patent  after  the  patient's  first  op¬ 
eration  but  had  been  injured  during  the  initial  reoperation.  You 
graft  a  lesser  saphenous  vein  to  the  circumflex  and  the  right  in¬ 
ternal  thoracic  artery  to  the  left  anterior  descending  coronary 
artery.  You  also  graft  what  you  think  is  the  posterior  descend¬ 
ing  coronary  artery  but  discover  it  to  be  a  coronary  vein  and 
ligate  the  graft.  A  frustrating  case,  to  be  sure,  but  at  least  the  pa¬ 
tient  now  has  three  patent  conduits. 

At  the  termination  of  cardiopulmonary  bypass,  the  contractil¬ 
ity  of  the  right  ventricular  free  wall  remains  sluggish  despite  the 
administration  of  amrinone  and  epinephrine.  The  cardiac  index 
remains  low,  and  you  insert  an  intra-aortic  balloon,  which  pro¬ 
duces  stabilization  of  the  hemodynamics  and  results  in  a  rap¬ 
idly  decreased  requirement  for  pharmacologic  support. 

After  giving  protamine,  you  decannulate  the  patient.  Because 
of  what  appears  to  be  a  coagulopathy,  you  begin  to  administer 
platelets  and  fresh  frozen  plasma.  Suddenly,  you  notice  that  the 
QRS  pattern  on  the  electrocardiogram  has  widened  and  the  pa¬ 
tient  has  become  hypotensive.  This  is  rapidly  followed  by  a 
sine-wave  pattern,  and  you  find  yourself  performing  open  mas¬ 
sage  on  a  heart  that  was  entirely  stable  just  moments  ago.  The 
heart  is  not  dilated.  It  is  not  even  fibrillating.  It  has  totally  ar- 
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SOLUTION  he  thinks  the 

She  patien.  to  **£&**»  9i8"aJfi" 

account  for  this.  The  F*  that  the  anesthe- 
your  attention  and  me  potassium  o 

Biologist  had  corrected  2Q  oi 

3.1  meq/L with® ^  0y syringe? 

potassium  chlonde  ysy.n®  bl00d  preSsure 
You  manage  to  ma  itb  y0ur  mas- 

of  65  to  70  mm  Hgsy8  f  epinephrine  to 
sage.  You  °rd9' ^  vasculalure  and  vol- 
tighten  the  pe°Ph(*a  .  rt  You  admmis- 
„L  expansion  to  £•*  an  ampule  of 

ter  10  cc  of  calaum  cWon  ^  ljfft  yen- 

sodium  bicarbonate  du*tfy  hesiologist 

jri^intravenous  irisuKn  and  glucose  as  well 
biv  the  cardiac  action  returns  and 
the  patient  eventually  leaves  the  °Pe*/^ing 
room  with  stable  hemodynamics.  He  awak 
ens  neurologically  intact  and  pursues  an  un¬ 
complicated  course  until  his  release  from  the 
hospital. 

DISCUSSION 

This  patient  received  a  cardioplegic  dose  of 
potassium  at  a  most  inopportune  time.  The 
classic  sequence  of  electrocardiographic  trac¬ 
ings  was  apparent  and  full  diastolic  arrest 
with  a  flaccid  heart  rapidly  ensued.  The  treat¬ 
ment  for  potassium  toxicity  includes  the  infu¬ 
sion  of  glucose  and  insulin,  calcium  chloride, 
and  sodium  bicarbonate,  all  of  which  cause 
potassium  to  shift  to  the  intracellular  posi¬ 
tion.  Hypertonic  sodium  solutions  may  be  ef- 
fedive  as  well.  None  ol  these  measures 
removes  potassium  from  the  body,  and  a  sub- 

~a  S"S„~h 

calcium  chloride  and  bicarbonat  ntracardlac 
because  the  heart  was  S2? •  Were  Used 

and  presented  the  quicke^f  ^  a.ccessible 
agents  to  reach  the  coronal  te  f°r  these 
Perfuse  the  myocardium  ^  CIrculati°n  and 

otherwise  unexpiai^'^m  ' '  of 


protamine  on  several  occas.ons  previ 
The  rapid  administration  of  pro 
produces  hypotension  by  generalized  ^ 
lation,  perhaps  through  histamine  or 
triene  release,  which  causes  a  reduction 
preload  and  afterload.  This  response  ma  ,'n 

exaggerated  if  the  patient  is  hypovol^? 
Protamine  does  not  act  as  a  primary  my 
dial  depressant,  however,  and  does  not  cauSe 
the  sequential  electrocardiogram  change 
caused  by  hyperkalemia.  The  treatment  of  a 
protamine  reaction  includes  circulatory  SUp. 
port  with  epinephrine  and,  if  necessary, 
reheparinization  and  the  resumption  of  car¬ 
diopulmonary  bypass.  It  is  thought  that  pa. 

tients  who  have  taken  protamine-containing 
insulin,  or  who  are  allergic  to  shellfish,  or 
who  have  undergone  vasectomy  may  be  es¬ 
pecially  prone  to  a  protamine  reaction. 

Protamine  may  also  be  responsible  for 
acute  pulmonary  vasoconstriction  with  right 
heart  failure  and  bronchospasm,  possibly  me¬ 
diated  by  thromboxane  release  induced  by 
heparin-protamine  complexes.  This  is  best 
treated  with  agents  that  lower  pulmonary 
vascular  resistance,  such  as  isoproterenol 
(Isuprel),  nitroglycerine,  or  prostaglandin  E, 
Cardiac  surgical  patients  with  a  prior  history 
of  exposure  to  protamine  or  with  any  of  the 
risk  factors  associated  with  protamine  reac¬ 
tions  should  receive  the  drug  with  the  aortic 
and  venous  cannulas  in  place  to  facilitate 
reinstitution  of  cardiopulmonary  bypass  in 
the  event  of  a  protamine  reaction. 

Other  considerations  in  the  patient  with 
sudden  unexplained  postperfusion  hypoten¬ 
sion  include  ABO-incompatible  transfusion 
reactions  or  an  anaphylactic  response  to 
drugs  such  as  antibiotics,  muscle  relaxants, 
opioids,  or  colloid  volume  expanders.  Treat¬ 
ment  includes  cessation  of  the  administration 
of  the  antigen,  discontinuation  of  all  anes 
thetic  agents,  volume  expansion,  and  the3 
ministration  of  epinephrine.  Antihistamine 
and  corticosteroids  may  be  given  as  well 
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Your  service  hadn’t  been  called  to  see  this  patient,  but  you  couldn’t 
help  noticing  a  56-year-old  patient  in  the  intensive  care  unit  sitting 
bolt  upright  in  bed,  sweating,  with  rapid,  labored  respirations 
and  a  terrified  look  in  his  eyes.  As  politely  as  possible  under  the 
circumstances,  you  ask  his  physician,  who  was  writing  a  lengthy, 
somewhat  leisurely,  progress  note,  what  he  thought  was  the  matter 
with  this  patient.  He  tells  you  that  the  patient  had  a  mitral  valve 
replacement  (with  a  St.Jude  prosthesis  some  years  ago)  for  mitral 
insufficiency  caused  by  endocarditis.  Lost  to  follow-up,  the  patient 
showed  up  a  year  later  with  a  left  hemiparesis,  which  subsequendy 
resolved.  For  the  past  three  weeks,  he  has  complained  of  syspnea 
on  exertion.  A  week  prior  to  his  present  admission,  he  was  admitted 
to  another  institution  with  congestive  heart  failure,  during  which 
time  a  Doppler  echocardiogram  revealed  a  calculated  mitral  valve 

area  of  0.9  cm2! 

You  request  permission,  because  you  are  just  a  bit  curious,  to 
approach  the  bedside  and  discover  precisely  what  you  expect:  The 
blood  pressure  is  90/60  mm  Hg,  exacdy  the  same  as  the  pulmonary 
artery  pressure,  and  the  pulmonary  capillary  wedge  pressure  is  53 
mm  Hg.  There  are  bilateral  rales  and  no  audible  valve  clicks. 

Sometimes  there  is  nothing  worse  than  being  right.  This  patient 
was  being  followed  when  he  should  have  been  led.  His  physician 
was  actually  grateful  for  your  studied  intrusion  into  this  case  and 
relieved  when  you  told  him  the  patient  could  be  in  the  operating 
room  in  30  minutes. 
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SOLUTION 

The  diagnosis  of  acute  and  chronic  prosthetic 
valve  thrombosis  is  obvious  and  you  rush  the 
patient  to  the  operating  room,  stabilizing  the 
hemodynamics  with  dopamine.  As  is  routine 
for  all  reoperations,  you  place  external 
defibrillation  patches  over  the  right  scapula 
and  the  apex  of  the  heart.  Although  you  are 
ready  to  cannulate  the  femoral  artery  and 
vein,  the  patient  remains  stable  through  the 
sternotomy.  Fortunately,  the  adhesions  are 
easy  to  divide  and  you  are  able  to  establish 
cardiopulmonary  bypass  uneventfully  after 
exposing  the  aorta  and  the  right  atrium.  Be¬ 
cause  the  prosthetic  heart  valve  has  old  as  well 
as  recent  thrombus,  it  is  not  possible  to 
debride  the  valve,  and  you  replace  it  with  an¬ 
other  St.  Jude  prosthesis. 


DISCUSSION 

The  mechanism  of  congestive  heart  failure  in 
this  case  is  acute  thrombosis  superimposed 
upon  a  chronically-thrombosed  prosthetic 
heart  valve  that  resulted  from  inadequate 
anticoagulation.  Unless  all  of  the  thrombus  is 
relatively  recent  and  the  mass  of  thrombus 
relatively  small,  a  situation  that  might  permit 
the  use  of  thrombolytic  agents,  immediate  sur¬ 
gery  is  mandatory  in  such  cases  as  a  lifesaving 
measure.  The  choice  of  valve  re-replacement, 
biologic  versus  mechanical,  should  be  made 
using  well-established  criteria,  modified,  per¬ 
haps,  by  the  patient's  circumstances.  If  the  pa¬ 
tient  did  not  understand  the  importance  of 
anticoagulation  but  is  otherwise  compliant 
and  motivated,  it  is  reasonable  to  use  another 
mechanical  prosthesis,  especially  in  the 
younger  patient  who  would  ultimately  face  a 
third  procedure  if  a  bioprosthesis,  known  to 
have  limited  durability,  were  employed.  In  the 
older  patient  or  one  who  is  known  to  be  non- 
compliant  with  prescribed  drug  regimens, 
glutaraldehyde-preserved  bovine  or  frozen 
human  valves  are  excellent  substitutes. 

Complications  from  sodium  warfarin 
(Coumadin)  therapy  should  be  minimal  now 
that  concomitant  use  of  dipyridamole 
(Persantine)  permits  lower  doses  of  Cou¬ 
madin  (1.5  times  control)  with  the  same  effect 
on  limiting  thrombosis  as  regimens  calling  for 
higher  doses  of  Coumadin.  Problems  of  over- 
or  underanticoagulation  can  be  avoided  by 


patient  education  and  compulsive  f0li0Vv 
If  Coumadin  must  be  stopped  for  another  ?15 
gical  procedure,  it  should  be  for  as  short  a 
riod  as  possible.  Patients  with  mechanic!", 
valves  should  be  switched  over  to  heparin  ? 
these  circumstances,  as  the  failure  mode  of  a 
single  tilting  disc  occluder  may  result  in  rela¬ 
tively  acute  valve  stenosis  or  insufficiency  and 
more  rapidly  than  in  patients  with  bileaflet 
valves. 

In  any  patient  with  unexplained  or  unantici¬ 
pated  congestive  heart  failure  who  has  had  a 
valve  replacement,  the  immediate  and  very 
first  task  is  to  assess  the  function  of  the  pros¬ 
thesis.  This  can  be  accomplished  in  a  few  min¬ 
utes  by  history,  physical  examination,  and,  if 
time  permits,  an  echocardiogram.  No  other 
testing  is  required.  The  patient  may  be  stable 
enough  to  tolerate  general  anesthesia  with 
standard  cannulations,  as  in  this  case,  though 
it  is  doubtless  safer  to  employ  femoral-femoral 
cannulation  as  another  member  of  the  team 
enters  the  chest.  In  rare  instances,  cardiopul¬ 
monary  support  may  be  established  percuta- 
neously  in  the  emergency  room  or  in  the 
intensive  care  unit. 
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Lagniappe 


When  it  rains,  it  pours!  You  have  been  asked  to  see  a  38-year-old 
patient  because  of  shortness  of  breath.  On  your  initial  evaluation 
she  is  in  congestive  heart  failure.  Two  months  previously,  the  pa¬ 
tient  experienced  an  embolus  to  the  temporal  lobe,  documented 
by  a  computerized  tomographic  scan.  On  the  day  prior  to  the 
current  admission,  she  experienced  the  sudden  onset  of  cold 
lower  extremities;  a  saddle  embolus  was  removed  by  the  vascu¬ 
lar  surgical  service  using  a  bifemoral  approach.  Almost  as  an  af¬ 
terthought,  you  are  informed  by  the  patient's  internist  that  she 
had  undergone  a  mitral  valve  replacement  8  years  previously 
with  a  Bjork-Shiley  prosthesis  and  that  on  a  recent  echocardio¬ 
gram,  not  only  was  there  severely  impaired  motion  of  the  pros¬ 
thetic  disc,  but  significant  echo  densities  were  seen  on  both  sides 
of  the  disc,  consistent  with  residual  thrombus.  Without  further 
delay,  you  race  to  the  patient's  room,  stethoscope  in  hand,  to  con¬ 
firm  what  you  already  knew  would  be  the  case:  no  valve  clicks! 
You  are  dumbfounded  to  learn  from  the  patient  herself  that  the 
valve  clicks  had  disappeared  4  days  before  admission!  No  one 
had  told  her  what  that  meant.  You  know  what  it  means.  Your 
plans  for  the  evening  have  suddenly  changed. 
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You 
in  a 
and 

erative  hours,  a  liter  of  blood  drains  from  the  chest  tubes.  Despite 
vigorous  volume  replacement,  the  blood  pressure  remains  85 
mm  Hg  systolic,  with  right  atrial,  pulmonary  artery,  and  pulmo¬ 
nary  capillary  wedge  pressures  of  10, 20/13,  and  13  mm  Hg,  re¬ 
spectively.  You  start  a  dopamine  drip,  but  the  cardiac  index  rises 
no  higher  than  1.83  L/min/m2,  and  the  patient  becomes  oliguric. 
The  electrocardiogram  is  normal,  but  a  repeat  chest  roentgeno 
gram  demonstrates  some  mediastinal  widening  with  obscuration 
of  the  right  pulmonary  artery,  which,  previously,  had  been 
clearly  seen.  Physical  examination  reveals  distension  of  the  cervi¬ 
cal  veins  despite  the  low  filling  pressures.  Right  before  your  eyes, 
almost  defiantly,  this  patient,  with  normal  biventricular  function, 
is  choosing  the  path  of  least  resistance  straight  down  a  black  hole 
from  which  nothing,  not  even  light,  is  known  to  escape,  and  you 
are  about  to  follow  him  unless  you  can  think  of  something  fast! 


have  performed  uneventful  coronary  artery  bypass  grafting 
73-year-old  patient  with  triple  vessel  coronary  artery  disease 
normal  left  ventricular  function.  During  the  first  six  postop- 
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SOLUTION 

Suspicious  of  pericardial  tamponade,  al¬ 
though  the  hemodynamics  do  not  display  th 
usual  elevation  and  equalization  of  pressures, 
you  return  the  patient  to  the  operating  room 
where  you  find  that  a  10  cm  diameter  dot  has 
compressed  the  junction  of  the  superior  vena 
cava  and  right  atrium  like  a  Brobdingnagmn 
fist.  Upon  removal  of  the  dot,  the  arterial  pres¬ 
sure  shoots  to  190  mm  Hg,  requiring  control 
with  nitroprusside.  A  postoperative  c  es 
roentgenogram  reveals  a  narrower  c  iaC  S, 
houette  with  restored  visibility  of  the  righ 
pulmonary  artery.  The  remainder  o  e 
patient's  course  is  entirely  uneventful. 

DISCUSSION 

Pericardial  tamponade  from  nonsurgical  effu¬ 
sions  (uremic,  malignant)  tend  to  produce 
relatively  uniform  compression  of  all  cardiac 
chambers.  The  classically  described  elevation 
and  equalization  of  filling  pressures  in  pericar¬ 
dial  tamponade  requires  equal  compression  of 
all  chambers  by  a  uniformly  distributed  vol¬ 
ume  of  fluid  within  the  relatively  inelastic 
pericardium.  During  inspiration,  the  in¬ 
creased  venous  return  filling  the  right  ven¬ 
tricle  limits  left  ventricular  filling,  reduces 
cardiac  output,  and  causes  subendocardial 
ischemia.  During  expiration,  the  wedge  pres¬ 
sure  increases,  temporarily  enhancing  left 
ventricular  filling  and  cardiac  output.  This 
mechanism  accounts  for  the  pulsus  paradoxus 
seen  with  pericardial  tamponade. 

After  cardiac  surgery,  however,  asymmetric 
compression  of  a  single  cardiac  chamber  may 
impair  cardiac  output  without  the  expected 
hemodynamic  pattern.  This  patient  demon¬ 
strated  an  acute  superior  vena  cava  syndrome 
caused  by  a  huge  clot  that  compressed  the  su¬ 
perior  vena  cava  and  restricted  flow  into  the 
right  atrium.  Thus,  the  cervical  venous  pres¬ 
sure  was  elevated  and  the  right  atrial  and  pul¬ 
monary  artery  pressures  remained  within 
normal  limits  despite  aggressive  volume  re¬ 
placement. 

Asymmetric,  nonuniform  single-chamber 
tamponade  is  the  rule,  rather  than  the  excep¬ 
tion,  following  cardiac  surgery.  The  final 
common  pathway  of  all  tamponades  is  hypo¬ 
tension  and  depressed  cardiac  output,  but  the 
hemodynamic  patterns  can  have  discrete 


characteristics.  For  example,  right  atri  , 
tamponade  is  characterized  by  an  elevat  H 
right  atrial  pressure  in  the  presence  of  noml, 
pulmonary  artery  and  pulmonary  capina  ‘ 
wedge  pressures.  It  may  be  necessary  t0  c^j 
lenge  the  patient  with  volume  to  magnify  th* 
difference.  Case  reports  of  compression  of  thj 
pulmonary  outflow  tract,  left  atrium,  and  left 
ventricle  have  been  described  as  well. 

Technetium-99m  ventriculography  has 
been  useful  in  the  differentiation  of  biven- 
tricular  failure  from  pericardial  tamponade 
The  presence  of  radionuclide  activity  in  the 
pericardial  space  suggests  ongoing  bleeding. 
The  diagnosis  of  pericardial  tamponade  may 
be  strongly  suggested  if,  at  the  same  time,  the 
radionuclide  imaging  demonstrates  normal 
biventricular  function.  More  recently,  trans¬ 
esophageal  echocardiography  has  proved  of 
value  in  the  diagnosis  of  right  atrial  compres¬ 
sion  following  cardiac  surgery  with  greater 
sensitivity  and  specificity  than  transthoracic 
echocardiography. 

The  treatment  of  postoperative  pericardial 
tamponade  requires  prompt  diagnosis  and  in¬ 
tervention  as  a  lifesaving  measure.  Early  in  the 
postoperative  period,  it  must  be  anticipated  in 
the  patient  with  unexplained  hemodynamic 
instability  and  normal  ventricular  function.  It 
is  almost  always  associated  with  ongoing 
bleeding,  especially  in  patients  who,  once  their 
bleeding  has  been  controlled,  form  clots  that 
occlude  the  chest  tubes  and  continue  bleeding 
within  the  pericardium.  Late  tamponade  oc¬ 
curs  usually  in  patients  on  anticoagulants  and 
should  be  suspected  in  patients  who  may  ap 
pear  septic  or  simply  are  "not  doing  well" 
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You  have  been  asked  for  a  consultation  on  an  82-year-old  patient 
(  days  following  his  admission  for  a  myocardial  infarction  that  was 
omplicated  by  congestive  heart  failure  and  mitral  insufficiency. 

The  patient  is  intubated,  on  dopamine,  with  intra-aortic  balloon 
counterpulsation  for  additional  circulatory  support.  The  referring 
cardiologist,  who  had  signed  out  to  a  covering  physician  for  several 
days,  wants  you  to  operate yesterday'  As  you  review  the  chart, 

however,  several  things  disturb  you. 

The  patient  has  a  low-grade  fever.  Two  cultures  from  the 
endotracheal  tube  grew  out  Staphylococcus  aureus  and  a  urine  specimen 
from  the  Foley  catheter  grew  out  greater  than  100,000  colonies  of 
Escherichia  coli.  The  monitoring  lines  have  not  been  changed  since 
admission,  and  the  systemic  vascular  resistance  is  between  600  and 
800  dyne/sec/cm 5,  lower  than  one  might  expect  for  unloading 
by  balloon  counterpulsation  alone  and  raising  your  suspicion 
that  this  elderly  patient  is  septic.  The  latest  chest  roentgenogram 
reveals  a  pulmonary  edema  pattern,  significantly  improved  from 
the  admission  film,  but  now  with  a  discrete  infiltrate  in  the  right 
upper  lobe.  The  patient  has  received  no  nutritional  support,  little 
diuresis,  and  no  antibiotic  therapy.  Furthermore,  you  notice  that 
the  diagnosis  of  mitral  insufficiency  has  not  been  documented  by 
objective  means  such  as  an  echo  Doppler  examination,  and  he  has 
not  undergone  cardiac  catheterization.  The  referring  cardiologist 
insists  you  schedule  the  patient  for  surgery  at  once.  At  the 
moment,”  you  mutter  to  yourself,  “this  patient  doesn’t  need  an 
operation,  he  needs  a  doctor!” 
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You  notice  that  after  the  intra-aortic  balloon 
had  been  inserted,  the  pulmonary  capillary 
wedge  pressure  fell  from  60  to  18  mm  Hg  an 
the  serum  creatinine  decreased  from  4.5  to  less 
than  2  mg/100  mL.  In  addition,  a  technetium- 
99m  wall  motion  study  revealed  a  left  ven¬ 
tricular  ejection  fraction  of  60%  and  a  rign 
ventricular  ejection  fraction  of  50%,  and  the 
patient  has  remained  hemodynamica  y 
stable.  Given  his  favorable  hemodynamics, 
you  formulate  what  some  observers  perceived 
to  be  a  daring  plan:  to  effect  a  metamorphosis 
of  this  patient  from  train  wreck  to  surgical  can¬ 
didate.  You  hold  several  discussions  with  the 
family,  weighing  the  risks  of  surgery  in  an  eld¬ 
erly,  septic,  nutritionally  depleted  patient  ver¬ 
sus  what  might  pertain  should  he  be  able  to 
withstand  a  one-  to  two-week  delay  to  correct 
these  conditions.  Your  recommendation  is 
that  only  after  this  has  been  accomplished 
should  the  patient  undergo  cardiac  cathe¬ 
terization.  You  win  the  confidence  of  the 
patient's  family  who  appreciate  your  concern 
and  candor. 

Over  the  next  2  weeks,  you  accomplish 
what  even  you  weren't  certain  could  be  done. 
You  begin  total  parenteral  nutrition,  aggres¬ 
sive  diuresis,  and  appropriate  antibiotics. 
Slowly,  you  wean  the  patient  from  dopamine, 
remove  the  intra-aortic  balloon,  and  extubate 
him.  Before  long,  you  transfer  him  from  the 
intensive  care  unit  to  the  step-down  unit 
where,  over  a  period  of  days,  the  patient  actu¬ 
ally  becomes  ambulatory.  Following  the  ex¬ 
traction  of  several  infected  teeth,  you  signal 
the  cardiologist  that  the  patient  is  ready  for 
catheterization.  This  reveals  subtotal  obstruc¬ 
tion  of  the  left  anterior  descending  and  circum¬ 
flex  coronary  arteries  and  a  60%  narrowing  in 
the  proximal  third  of  the  right  coronary  artery. 
There  is  4+  mitral  regurgitation  but  not  across  a 
broad  front. 


At  surgery,  there  is  no  transmural  in 
tion.  The  left  atrium  is  small.  The  mitral  \ 
reveals  rupture  of  a  small,  infarcted  papi 
muscle,  suggesting,  as  did  the  patient's  cli 
course,  that  volumetrically,  the  regurgita 
was  4+  more  on  the  basis  of  extent  int< 
atnum  rather  than  on  the  basis  of  its  bre 


across  the  valve.  Surgery  includes  vein  graft, 
to  the  left  anterior  descending,  circumflex,  arS 
right  coronary  arteries,  as  well  as  mitral  valve 
replacement  with  a  porcine  bioprosthesis.  The 
patient  remains  alive  and  well  five  years  later 


discussion 

This  case  illustrates  dramatically  that  decisions 
impact  surgical  morbidity  and  mortality  more 
than  incisions.  Whereas  the  incision  is  always 
the  same,  the  decisions  leading  to  it  must  in¬ 
clude  an  intensive  determination  of  the  car¬ 
diac  as  well  as  the  noncardiac  risks.  With  a  left 
ventricular  ejection  fraction  of  60%,  no  prior 
myocardial  infarction,  good  coronary  targets, 
absence  of  hepatic  dysfunction,  and  manage¬ 
able  hemodynamics  despite  new  onset  mitral 
insufficiency,  this  patient's  risk  of  surgery, 
strictly  from  the  cardiac  viewpoint,  was  low. 
However,  to  have  proceeded  with  an  emer¬ 
gency  operation  in  an  infected,  malnourished 
octogenarian  invited  the  risk  of  disastrous 
septic  complications,  including  exacerbation 
of  his  pneumonia,  wound  infections,  and 
gram-negative  sepsis  with  its  sequellae.  Any 
surgical  procedure  performed  as  an  emer¬ 
gency  and  under  such  circumstances  triples 
the  risk  of  operative  mortality  and,  should  the 
patient  survive  long  enough,  results  in  a  cas¬ 
cade  of  complications  that  are  predictable  and, 
therefore,  preventable. 

The  management  of  this  case  was  as  much 
art  as  science.  It  was  by  no  means  a  certainty 
that  this  patient  would  survive  his  2-week  pe¬ 
riod  of  rehabilitation,  but  once  he  did,  his  pri¬ 
mary  risk  factors  were  his  age  and  the  limitations 
of  functional  reserve  dictated  by  his  age  on  organs 
other  than  the  heart.  The  surgeon,  in  circum¬ 
stances  such  as  these,  must  deal  not  only  with  the 
impact  of  surgery  on  the  patient  but  also  with  the 
emotional  strain  placed  on  the  family  should  an 
ill-timed  operation  lead  to  multisystem  complica¬ 
tions  that  result  in  a  mortality  after  a  3-month  stay 
in  the  intensive  care  unit.  To  accomplish  this  goal/ 
the  surgeon  must  tactfully,  yet  forcefully,  defend 
his  prerogative  that  patient  selection  and  the  tun- 
mg  of  surgery  are  justifiable  as  determinants  of 
patient  survival,  and  are  just  as  important  as  the 
mechanics  of  a  well-pjerformed  operation. 
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A  52-year-old  patient  with  no  prior  cardiac  history  was  admitted 
to  a  community  hospital  with  chest  pain  that  was  associated  with 
a  rise  in  creatine  phosphokinase  of  1300  international  units,  but 
with  no  electrocardiographic  changes.  Two  days  later,  a  low 
level  treadmill  test  results  in  precordial  ST-segment  depression 
but  no  chest  pain.  Shortly  after  the  treadmill  test,  the  patient  ex¬ 
periences  recurrent  chest  pain  associated  with  precordial  ST-seg¬ 
ment  elevation  and  receives  a  tissue  plasminogen  activator  for 
thrombolysis  of  what  is  presumed  to  be  obstruction  of  the  left 
anterior  descending  coronary  artery.  He  is  then  transferred  to  the 
catheterization  laboratory  in  cardiogenic  shock  where  an  intra¬ 
aortic  balloon  is  inserted.  With  intra-aortic  balloon  counterpulsa¬ 
tion,  the  cardiac  output  is  2.6  L/min  with  a  heart  rate  of  130  and 
a  stroke  volume  of  20  cc. 

Coronary  angiography  reveals  flush  occlusion  of  the  left  ante¬ 
rior  descending,  absence  of  major  circumflex  branches,  and  mi¬ 
nor  irregularities  in  the  right  coronary  artery.  Although  a  guide 
wire  passes  through  the  left  anterior  descending  lesion  and  the 
cardiologist  makes  multiple  attempts  at  percutaneous  translu¬ 
minal  coronary  angioplasty,  there  is  no  angiographically  appar¬ 
ent  perfusion  into  the  left  anterior  descending  artery.  The  patient 
is  now  8  hours  into  his  infarction  and  deteriorating.  The  cardiolo¬ 
gist  desperately  asks  if  you  can  bypass  the  left  anterior  descending. 
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SOLUTION  under 

You  explain  to  c"  operative  mortality 
*«*  drcuOT»‘ sLgery  approaches 
with  conventional  hyp  „  were  con- 

1°°%  F^0h^°eft  anterior  descending,  it 

structed  to  the  the  antenor  wall 

would  very  likely  n  henomenon.  You 

because  of  the  P  patient's  famUy 

U^,h!^Suoaunivemity  center  for 
whatyou  believe  to  be  the  patient's  only 
rhance  insertion  of  a  left  ventricular  assist  de 
^earidwteequent  cardiac 
Although  the  paHent  requires  endotracheal 
intubation  just  before  being  placed  in  the  am 
bulance,  the  transfer  is  successful. 

In  the  operating  room,  ventricular  fibrilla¬ 
tion  occurs  concurrent  with  the  sternotomy, 
and  cannulation  is  accomplished  during  the 
performance  of  open  cardiac  massage.  The 
anterior  wall  is  edematous  and  cyanotic.  A 
vein  graft  to  the  left  anterior  descending  is 
constructed,  but  the  patient  cannot  be  sepa¬ 
rated  from  bypass,  despite  the  employment  of 
controlled  reperfusion  with  glutamate-aspar¬ 
tate  enriched  cardioplegia.  He  is  placed  on  a 
centrifugal  left  ventricular  assist  device,  which 
sustains  him  for  4  days.  At  that  time,  a  donor 
heart  is  located  and  the  patient  is  successfully 
transplanted.  He  leaves  the  hospital  in  9  days 
and  remains  well  4  years  later. 

DISCUSSION 

Myocardial  reperfusion  is  more  complicated  a 
matter  than  simply  the  quick  restoratione  of 
blood  flow  through  an  obstructed  artery.  Nu¬ 
merous  investigators  have  demonstrated  that 
oxygen-derived  free  radicals  are  significant  con- 
butors  to  the  cellular  and  subcellular  disrup- 

vSr^2^te,dySfUnrti0n  as  ^ 
nSrDhin  SWeUing  Which  cau** 

ventionsl  prmnt?en°n-  *******  inter- 
radical  fon^tion  CXtent  °f  free 

during  cardiopulmonL  dePleti°n 

hibition  of  leukocyte  lidocaine  >n- 

superoxideprodu^ion  w'ir00'  inhibition  of 

luhibitorallopurinol  oxidase 

ydroxyl  ions,  have  all  Pwoxide  to 

^  ^  cUnical  scrutiny  ^  bbo»- 

7  radical  scaven¬ 


gers  such  as  superoxide  dismutase 
peroxidase,  and  reduced  glutathione  ^ta'ase- 
been  studied.  Veako 

This  patient  had  ongoing  ischemia  over 
day  period  that  resulted  in  infarction  and  ^ 
diogenic  shock  of  8  hours  duration 
patient's  ventriculogram  suggested  that  s* 
nificant  myocardial  edema  was  present  U 
extent  of  myocardial  edema  has  been  sho  8 
to  correlate  directly  with  the  activation  of 
granulocytes  in  an  ischemic  segment.  Al¬ 
though  reperfusion  with  agranulocytic  blood 
has  been  shown  to  limit  the  amount  of  edema 
in  such  segments,  attenuate  the  no-reflow  phe¬ 
nomenon,  and  limit  infarct  size,  it  was  likely 
that,  under  the  given  circumstances,  any  at¬ 
tempt  at  emergency  revascularization  alone 
was  at  significant  risk  of  failure,  and  that  ad¬ 
vanced  methods  of  circulatory  assist  and,  ulti¬ 
mately,  cardiac  transplantation  had  to  be 
available. 

The  most  frequent  indications  for  mechani¬ 
cal  circulatory  assist  include  ventricular 
power  failure  following  cardiac  surgery,  car¬ 
diogenic  shock  as  a  consequence  of  myocar¬ 
dial  infarction,  and  acute  rejection  of  the 
transplanted  heart.  About  70%  of  such  situa¬ 
tions  can  be  salvaged  with  pharmacologic 
support  and  intra-aortic  balloon  counter-pul¬ 
sation.  Should  the  patient  remain  hypotensive 
with  a  cardiac  index  of  less  than  1.8  L/min/m 
and  a  pulmonary  capillary  wedge  pressure  o 
greater  than  25  mm  Hg,  then  direct  ventri 
support  with  uni-  or  bi-ventricular  assist  e- 

vices  is  indicated.  , 

As  summarized  in  the  report  by  Miller,  w 
reviewed  the  efficacy  of  ventricular assis  ^ 
vices  in  451  postcardiotomy  cardiogenic  s 
patients  between  1978  and  1988, 45%  could  W 
weaned  from  left  and  right  ventricular 
devices,  but  only  24%  of  the  patients  _ 
mately  discharged  from  the  hospital,  irresp^ 
tive  of  the  type  of  assist  dev,ce  sup- 
whether  one  or  both  ventricles  .  ^a 
ported.  The  discharged  patients  exPe/?t  ^ 

2-year  survival  of  88%  in  New  Yor  ^.day 

sociation  (NYHA)  class  I  or  II  ifJ,  the 
mortality  patients  were  eliminat 
statistics,  and  47%  if  they  were  not. 

Long-term  survival  rates  impr0^  ^  as 
cantly  if  ventricular  assist  devices  a  ^h£)0th- 
bridges  to  transplantation  in  patien  n  put 
erwise  are  candidates  for  transp  j*  ^ock  pe- 
who  develop  refractory  cardiogemc 
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fore  a  suitable  donor  heart  can  be  obtained.  In 
a  series  of  184  such  patients  supported  by  a 
variety  of  pumps  reviewed  by  Hill,  130  pa¬ 
tients  (70%)  underwent  cardiac  transplanta¬ 
tion,  of  which  85  patients  (46%)  were 
discharged  from  the  hospital.  The  results  are 
twice  as  good  compared  to  Miller's  group  of 
patients,  in  which  transplantation  was  not  per¬ 
formed.  Compared  with  elective  transplanta¬ 
tion,  where  the  1-,  5-,  and  10-year  survivals  in 
a  combined  series  of  6500  patients  are  now 
90%,  85%,  and  72%,  respectively,  the  results  of 
transplantation  in  patients  who  have  received 
ventricular  assist  devices  as  a  bridge  to  trans¬ 
plantation  reflect  learning  curves  with  the 
various  devices  and  the  factors  that  always 
complicate  the  course  of  such  patients:  multi¬ 
system  organ  failure,  hemorrhagic  complica¬ 
tions,  and  infection. 
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A  51-year-old  patient  presents  with  the  acute  onset  of  precordial 
chest  pain  radiating  to  the  neck  and  back.  The  electrocardiogram 
is  normal  and  there  is  no  enzyme  rise.  He  had  undergone  coro¬ 
nary  artery  bypass  grafting  to  the  left  anterior  descending  and 
first  and  second  circumflex  coronary  arteries  10  years  previ¬ 
ously.  At  that  time  his  ascending  aorta  was  enlarged.  A  comput¬ 
erized  tomographic  scan  of  the  chest  on  this  admission  reveals 
an  aortic  dissection  involving  the  aortic  root.  Cardiac  catheter¬ 
ization  reveals  total  obstruction  of  the  native  coronary  circula¬ 
tion.  There  is  a  75%  narrowing  of  the  left  anterior  descending 
graft  a  normal  first  circumflex  graft,  and  total  obstruction  of  the 
second  circumflex  graft.  Although  he  is  currently  asymptomatic, 
you  know  this  patient  needs  urgent  replacement  of  the  ascend¬ 
ing  aorta,  aortic  valve  replacement  or  resuspension,  and  myo¬ 
cardial  revascularization.  When  you  examine  him,  however, 
you  are  dismayed  to  find  a  draining  sinus  tract  in  the  lower  part 
of  the  sternotomy  incision.  The  patient  says  it  has  been  there 
ever  since  his  initial  operation. 


SOLUTION 


DISCUSSION 


Since  the  patient  remains  stable,  you  elect  to 
perform  a  sonogram,  which  reveals  a  tract 
leading  to  the  lowest  wire  in  the  sternotomy 
incision.  There  is  no  evidence  of  osteomy¬ 
elitis  on  this  study  or  on  the  computerized 
tomographic  scan. 

Under  general  anesthesia  and  with  an  arte¬ 
rial  line  to  permit  precise  control  of  the  heart 
rate  and  blood  pressure,  you  remove  the  low¬ 
est  three  sternal  wires  and  excise  the  sinus 
tract.  The  patient  remains  in  the  intensive 
care  unit,  sedated,  at  strict  bed  rest,  on  nitro- 
prusside  and  a  beta  blocker,  with  frequent 
debridement  and  dressing  changes.  Cultures 
from  the  sinus  tract  grow  out  a  species  of 
Serratia,  and  you  add  an  aminoglycoside 
to  the  patient’s  antibiotic  regimen.  Twelve 
days  after  initiating  this  therapy,  the  patient 
experiences  recurrent  precordial  chest  pain. 
A  prominent  murmur  consistent  with  aortic 
insufficiency  appears  for  the  first  time.  As 
you  take  the  patient  to  the  operating  room, 
you  can  only  hope  that  by  now  the  sternal 
incision  has  been  sterilized. 

After  cannulation  of  the  femoral  artery 
and  vein,  you  carefully  enter  the  anterior 
mediastinum  without  injuring  the  ascending 
aorta,  cannulate  the  right  atrium,  and  begin 
cardiopulmonary  bypass.  After  cooling  to 
24  C,  you  crossclamp  the  ascending  aorta 
and  open  it.  You  administer  cardioplegia  di¬ 
rectly  through  the  ostia  of  the  left  anterior  de¬ 
scending  and  first  circumflex  grafts  and  then 
place  new  grafts  in  the  postero-lateral  branch 
of  the  right,  the  left  anterior  descending,  and 
the  second  circumflex  coronary  arteries  with 
sequential  infusion  of  cardioplegia  into  each 
graft  at  its  completion. 

The  aortic  dissection,  as  anticipated,  has 
originated  in  the  aortic  root.  You  replace 
the  aortic  valve  and  ascending  aorta  with  a 
valved  conduit  constructed  at  the  operating 
table  from  a  biliaflet  mechanical  valve  and 
a  collagen-coated  Dacron  graft.  You  then  li¬ 
gate  the  coronary  ostia,  suture  the  vein  grafts 
to  the  aortic  graft  prosthesis,  and  perform 
the  distal  aortic  anastomosis.  Termination  of 
cardiopulmonary  bypass  necessitates  intra¬ 
aortic  balloon  pumping  for  memodynamic 
stability.  The  patient  survives  in  excess  of 
five  years  with  no  incisional  or  systemic  in¬ 
fection. 


This  patient  had  been  seen  initial 

institution  and  actually  had  'ataH* 
after  his  computerized  tom0fZl 8ent  C 
coronary  arteriogram;  the  cons £  ** 
had  declined  to  operate  because  5?  SS** 
ing  sinus  tract.  Once  transferred  ^ 
care  center,  the  decision-making  l  3  lerS 
eluded  consideration  of  immediat**  in‘ 
which  carried  a  significant  risk  ofs^8^' 
and  local  infection,  as  opposed  to  Systeinic 
to  cure  the  sinus  tract  first  under  con^ 
circumstances.  The  latter  course  was 
with  surgery  precipitated  by  the  dev^T' 
of  heart  failure  secondary  to  the  risk  of* 
aortic  insufficiency.  It  was  fortunate^ 
enough  time  had  elapsed  to  allow  cure  of  th 
sternal  infection.  c 

Among  the  technical  difficulties  presented 
by  this  paHent,  in  addition  to  the  risk  of  aortic 
disruption  during  sternotomy,  was  the  diffi- 
culty  of  myocardial  protection  in  the  presence 
of  totally  obstructed  native  coronary  arteries 
and  arteriosclerotic  vein  grafts,  one  of  which 
was  completely  occluded.  As  evidenced  by 
the  need  for  intra-aorric  balloon  counter-pul¬ 
sation,  myocardial  protection  was  not  opti¬ 
mal,  even  though  cardioplegia  had  been 
infused  into  the  grafts.  The  addition  of  retro¬ 
grade  cardioplegia  would  have  resulted  in 
more  uniform  myocardial  cooling.  External 
defibrillation  pads  should  have  been  placed 
over  the  right  scapula  and  the  apex  of  the  left 
ventricle  to  allow  cardioversion  should  ven¬ 
tricular  fibrillation  have  occurred  before  or 
during  sternotomy  and  the  dissection  of  the 
anterior  mediastinum. 


Acute  dissection  of  the  ascending  aorta  is  a 
surgical  emergency  that  requires  immediate 
intervention  to  prevent  complications  such  as 
aortic  rupture,  pericardial  tamponade,  coro¬ 
nary  occlusion,  and  aortic  insufficiency.  Since 
this  patient  had  undergone  prior  cardiac  sur¬ 
gery  and  already  had  total  occlusion  of  his  na¬ 
tive  coronary  arteries,  and  with  adhesions 
already  obliterating  the  pericardial  space,  the 
occurrence  of  the  first  three  of  these  complica¬ 
tions  was  considered  unlikely;  indeed,  acute 
aortic  insufficiency  precipitated  surgery. 

Patients  frequently  present  vexing  combine 
tions  of  problems.  The  successful  resolution  of 
cases  such  as  this  one  depends  upon  t  e 
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hvsidan's  ability  to  weigh  the  risks  and  benefits 
Pf  deferent  courses  of  action,  an  ability  that  is  built 
upon  a  foundation  of  textbook  knowledge,  but  is 

nurtured  by  yearsof  experience. 
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A  49-year-old  patient  with  a  long  history  of  a  heart  murmur  pre¬ 
sents  with  the  recent  onset  of  progressive  exercise  intolerance. 
Doppler  echocardiography  reveals  significant  aortic  insufficiency 
and  pronounced  ventricular  dilation.  Cardiac  catheterization  re¬ 
veals  normal  coronary  arteries.  You  recommend  aortic  valve  re¬ 
placement  because  of  the  progression  in  symptoms  and  the 
enlarged  ventricle. 

At  surgery,  you  cannulate  the  ascending  aorta,  the  right  atrium 
with  a  two-stage  venous  cannula,  and  place  a  vent  through  the 
right  superior  pulmonary  vein  into  the  left  ventricle.  You  begin 
cardiopulmonary  bypass  with  the  left  ventricular  vent  activated 
to  prevent  overdistension  of  the  left  ventricle.  At  the  onset  of  ven¬ 
tricular  fibrillation,  you  crossclamp  the  aorta  and  introduce  crys¬ 
talloid  cardioplegia  by  direct  cannulation  of  each  coronary 
ostium,  and  provide  topical  cooling  with  cold  saline  as  well.  After 
excising  the  diseased  aortic  valve,  you  irrigate  the  cavity  of  the 
left  ventricle  with  cold  saline,  implant  a  bileaflet  mechanical  pros¬ 
thesis,  and  close  the  aorta.  You  complete  rewarming  and  de-air¬ 
ing  in  a  routine  manner  and  terminate  cardiopulmonary  bypass. 
Nothing  to  it! 

Shortly  after  you  remove  the  aortic  cannula,  however,  ventricu¬ 
lar  fibrillation  occurs,  which  is  refractory  to  multiple  attempts  at 
defibrillation. 


SOLUTION 

As  you  perform  cardiac  massage,  your  assis¬ 
tant  recannulates  the  ascending  aorta  and  you 
resume  cardiopulmonary  bypass.  Once  you 
have  manually  decompressed  the  left  ven¬ 
tricle,  you  are  able  to  convert  it  to  a  regular 
rhythm  with  a  single  countershock.  You  notice 
at  this  time  that  the  anterior  segment  of  the  left 
ventricle  is  significantly  hypocontractile  and 
that  the  pulmonary  artery  diastolic  pressure 
rises  acutely  when  you  attempt  to  separate  the 
patient  from  bypass.  You  give  the  patient  a 
loading  dose  of  Amrinone  (a  phosphodi¬ 
esterase  inhibitor)  and  start  an  epinephrine 
drip.  In  addition,  you  insert  an  intra-aortic  bal¬ 
loon  and  observe  the  patient  for  another  45 
min  before  successfully  terminating  cardiop¬ 
ulmonary  bypass.  The  patient  now  has  a  car¬ 
diac  output  of  7  L/min  with  somewhat 
improved  left  ventricular  contractility.  The  re¬ 
mainder  of  the  patient's  course  is  uneventful 
and  he  remains  symptomatically  improved  3 
years  later. 

DISCUSSION 

Postoperative  left  ventricular  power  failure 
has  numerous  etiologies.  Patients  who  enter 
cardiac  surgery  with  impaired  left  ventricular 
function  are  at  higher  risk  of  operative  cardiac 
mortality.  Impaired  ventricular  function  may 
result  from  myocardial  infarction,  myocardial 
ischemia,  or  alterations  of  the  geometry  of 
ventricular  contractility  caused  by  myocardial 
dilation  or  hypertrophy  secondary  to  me¬ 
chanical  abnormalities  such  as  valvular 
stenosis  or  insufficiency,  ventricular  aneu¬ 
rysm,  ventricular  septal  defects,  or  recurrent 
episodes  of  supraventricular  tachycardia. 

Ventricular  dysfunction  may  occur  intra- 
operatively  as  well  and  result  from  inadequate 
myocardial  protection,  air  embolism,  incom¬ 
plete  revascularization,  or  technical  problems 
relating  to  specific  procedures.  The  difficulties 
encountered  in  the  present  case  probably  re¬ 
sulted  from  an  uneven  delivery  of  cardio¬ 
plegia  into  the  coronary  system.  Direct 
coronary  perfusion  was  employed  using  self¬ 
sealing  cannuli.  While  it  is  possible  that  an  in¬ 
adequate  amount  of  cardioplegia  was 
delivered  to  the  myocardium  in  total,  it  is  also 
possible  that  the  tip  of  the  left  coronary 


cannula  was  directed  so  as  to  exclude  the  l 
anterior  descending  territory  from  much  [ 
the  flow,  with  preferential  flow  into  the  cir. 
cumflex  coronary  artery.  Early  documentation 
of  inadequate  cardioplegia  delivery  to  the  left 
anterior  descending  territory  could  have  been 
provided  by  measurement  of  the  interven- 
tricular  septal  temperature. 

The  advent  of  retrograde  cardioplegia  per. 
mits  more  uniform  delivery  of  cardioplegic 
solutions  throughout  the  myocardium,  espe¬ 
cially  in  the  presence  of  multiple  coronary  ob¬ 
structions  or  in  patients  with  thickened  or 
dilated  ventricles.  Under  these  circumstances, 
cardioplegia  delivered  antegrade  will  seek  the 
path  of  least  resistance  into  the  least-ob¬ 
structed  coronary  arteries.  This  may  result  in 
myocardial  segments  subtended  by  the  most 
obstructed  arteries  remaining  relatively  warm 
with  ongoing  localized  electrical  activity  that 
has  been  associated  with  the  development  of 
intramyocardial  cellular  acidosis,  high  energy 
phosphate  depletion,  and  ultimate  cellular 
dysfunction.  Retrograde  cardioplegia,  admin¬ 
istered  through  the  coronary  sinus  or  into  the 
right  atrium,  will  more  uniformly  perfuse  and 
cool  the  myocardium.  If  given  in  the  right 
atrium,  with  bicaval  cannulation  and  com¬ 
pression  of  the  pulmonary  artery,  cardioplegia 
will  enter  not  only  the  coronary  sinus  but  the 
thebesian  veins  as  well;  in  addition,  there  will 
be  direct  endocardial  cooling  of  the  right 
atrium  and  the  right  ventricle.  Retrograde 
cardioplegia,  in  conjunction  with  antegrade 
cardioplegia,  should  eliminate  the  need  for  di¬ 
rect  coronary  artery  cannulation  and  its  inher¬ 
ent  risks  of  misdirected  flow  and  local  intimal 
trauma,  which  has  been  responsible  for  late 
coronary  ostial  stenoses.  It  should  also  elimi¬ 
nate  the  need  for  the  administration  of 
cardioplegic  solutions  through  vein  grafts 
thus  avoiding  the  potentially  damaging  effects 
of  potassium-containing  solutions  on  the 
venous  endothelium. 

Newer  types  of  cardioplegic  solutions  in¬ 
clude  preparations  designed  to  be  adminis¬ 
tered  continuously  at  normothermia  in  either 
antegrade  or  retrograde  fashion  with  nutrients 
designed  to  enable  myocardial  cellular  resus¬ 
citation  during  the  course  of  surgery.  The 
safety  of  this  method  remains  to  be  proved  by 
multicenter  studies. 
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A  70-year-old  patient  suffers  an  anterolateral  myocardial 
infarction  following  a  total  knee  replacement.  Subsequent  cardiac 
catheterization  reveals  akinesis  of  the  anterolateral  and  apical 
portions  of  the  left  ventricle.  There  are  vigorous  contractions  of 
the  base  of  the  heart  and  no  mitral  insufficiency.  The  left  anterior 
descending  coronary  artery  is  totally  obstructed  without 
collateralization,  and  the  circumflex  and  right  coronary  artenes 

aIQne  month  later  the  patient  experiences  shortness  of  breath.  A 
workup  for  pulmonary  embolization,  which  includes  pulmonary 
angiography,  is  negative.  The  patient  is  treated  medically  for  con¬ 
gestive  heart  failure  over  the  course  of  a  month  in  the  hospital, 
without  improvement.  During  this  time  the  patient  is  virtually 
bedridden,  with  the  effort  of  rising  from  bed  to  sit  in  a  chair  leav¬ 
ing  him  gasping  for  breath. 

At  this  point,  you  see  the  patient  in  consultation.  The  patient  s 
blood  pressure  is  109/73  mm  Hg,  pulse  96,  and  respirations  20. 
There  are  cervical  venous  distensions  halfway  to  the  angle  of  the 
jaw  and  bibasilar  rales.  The  point  of  maximum  impulse  is  diffuse 
in  the  fifth  intercostal  space.  At  your  recommendation,  cardiac 
catheterization  is  repeated,  revealing  a  right  atrial  pressure  of  6,  a 
right  ventricular  pressure  of  54/10,  a  pulmonary  artery  pressure 
of  57/25,  and  a  pulmonary  capillary  wedge  pressure  of  27  mm 
Hg.  The  coronary  arteries  are  unchanged,  and  there  is  no  mitral 
insufficiency;  however,  there  had  been  a  significant  increase  in 
the  size  of  the  aneurysm  and  decreased  contractility  of  the  base  of 
the  heart.  The  patient  and  his  family  await  your  recommendation. 
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SOLUTION 

You  decide  that  there  are  enough  clinical  and  labora¬ 
tory  data  to  explain  this  patient's  continuing  deterio¬ 
ration  on  the  basis  of  an  altered  geometry  of  left 
ventricular  ejection  resulting  in  progressive  conges¬ 
tive  heart  failure.  You  decide  to  resect  the  ventricu¬ 
lar  aneurysm  and  reconstruct  the  ventricle  so  that 
the  mechanics  of  ventricular  ejection  return  as  close 
to  normal  as  possible. 

At  surgery,  you  encounter  an  extremely  large 
anterolateral  and  apical  aneurysm  filled  with  a 
laminated  clot  that  occupies  the  apex  and  ante 
rior  segments  and  extends  along  the  septum  to¬ 
ward  the  left  ventricular  outflow  tract,  raising 
the  possibility  that  the  left  ventricular  outflow 
tract  was  partially  obstructed  by  the  clot.  As  an¬ 
ticipated,  the  anterior  part  of  the  septum  is 
thinned  out  and  aneurysmal  as  well. 

You  place  multiple  pledgeted  sutures 
through  the  redundant  infarcted  septum  and 
bring  them  out  through  the  para-septal  left  ven¬ 
tricular  wall.  Once  tied,  these  sutures  eliminate 
the  redundancy  in  the  septal  tissue  in  a  manner 
analogous  to  taking  a  reef  in  the  mainsail  of  an 
ocean-going  sloop.  You  place  two  polypropy¬ 
lene  purse-string  sutures  around  the  circumfer¬ 
ence  of  the  aneurysm  at  the  junction  of  normal 
and  scarred  tissue  and  tighten  them  so  that  the 
residual  defect  is  4  to  5  cm  in  diameter,  and  then 
implant  a  collagen-coated  Dacron  patch  to  recre¬ 
ate  the  ventricular  apex,  finally  covering  the 
apex  with  residual  aneurysm  tissue. 

After  having  been  in  the  hospital  for  about  5 
weeks  preoperatively,  the  patient  leaves  the 
hospital  in  8  days  after  an  uneventful  post-op¬ 
erative  course,  without  any  further  epi¬ 
sodes  of  congestive  heart  failure,  and  has 
remained  symptom-free  for  a  year. 

DISCUSSION 

This  patient  languished  in  the  hospital  for 
over  a  month  before  cardiac  surgical  consulta¬ 
tion  was  obtained.  The  repeat  catheterization 
provided  dramatic  documentation  of  the  pro¬ 
gressive  deterioration  in  ventricular  function 
that  had  occurred  in  a  2-month  period. 

The  common  indications  for  resection  of  a 
ventricular  aneurysm  include  systemic 
embolization,  ventricular  arrhythmias,  and 
congestive  heart  failure  refractory  to  medical 
therapy.  The  genesis  of  congestive  heart  fail¬ 
ure  associated  with  a  ventricular  aneurysm  is 
complex.  The  aneurysm  itself  can  become  so 


large  as  to  collect  a  significant  volume  of  hi 
during  diastole.  During  systole,  when  th , 
eurysm  exhibits  paradoxical  motion,  the  bl  ^ 
it  contains  swirls  about  in  the  aneurysm  r  7* 
than  being  ejected  into  the  systemic  chcl) 
tion,  creating  the  hemodynamic  equivalent  * 
functional  mitral  insufficiency.  As  the  an  ° 
rysm  enlarges  further,  the  residual  contract^ 
elements  of  the  left  ventricle  are  both  stretched 
and  splayed  apart  by  the  ring  of  tissue  f0rm. 
ing  the  junction  of  normal  and  infarcted 
muscle,  which  impairs  the  ability  of  these  see- 
ments  to  contribute  effectively  to  left  ventricu- 
lar  emptying.  This  distorted  geometry  0f 
contraction  may  also  result  in  altered  vectors 
of  contraction  of  the  papillary  muscles  of  the 
mitral  valve,  causing  mitral  insufficiency. 

Other  causes  of  impaired  ejection  in  left 
ventricular  aneurysm  include  obstruction  by 
clot  of  the  left  ventricular  outflow  tract,  as  ob¬ 
served  in  this  case,  and  impairment  of  right 
ventricular  filling  by  an  aneurysm  so  large 
that  it  virtually  results  in  an  auto-tamponade. 

The  traditional  technique  of  ventricular  aneu¬ 
rysm  resection  includes  removal  of  aneurysmal 
tissue  and  closure  of  the  resultant  defect  using  a 
straight,  pledget-reinforced  suture  line  that  es¬ 
sentially  amputates  the  apex  of  the  heart.  The 
technique  employed  in  this  case,  described  by 
Jatene  and  modified  by  McGiffin,  attempts  to 
restore  the  ventricular  cavity  to  a  normal  shape 
and  to  thereby  optimize  the  dynamics  of  left 
ventricular  emptying  by  restoring  normal  vec¬ 
tors  of  contraction.  Whether  this  will  prove  bet¬ 
ter  over  the  long  term  compared  to  the  amputation 
method  remains  to  be  seen. 
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A  67-year-old  patient  presents  with  the  recent  onset  of  angina 
pectoris  associated  with  a  positive  treadmill  test.  Cardiac 
catheterization  reveals  a  90%  obstruction  in  the  proximal  left  an¬ 
terior  descending  and  an  80%  obstruction  in  the  proximal  portion 
of  the  right  posterior  descending  coronary  artery.  The  cardiolo¬ 
gist  decides  to  perform  percutaneous  transluminal  coronary 
angioplasty  of  the  left  anterior  descending.  Although  there  is  evi¬ 
dence  of  a  localized  dissection  at  the  site  of  angioplasty  in  the  left 
anterior  descending,  the  lesion  appears  less  restrictive  than  be¬ 
fore  the  procedure,  and  it  is  declared  a  success.  During  the  night, 
however,  the  patient  experiences  mild  angina.  Repeat 
angiography  the  next  morning  reveals  persistence  of  the  dissec¬ 
tion  and  a  recurrent  subtotal  obstruction  at  the  angioplasty  site. 
Another  attempt  at  angioplasty  of  the  left  anterior  descending 
not  only  fails  to  open  the  left  anterior  descending  but  results  in  a 
clot  that  causes  subtotal  obstruction  of  the  circumflex  coronary 
artery  as  well.  The  cardiologist  inserts  a  bailout  catheter  into  the 
left  anterior  descending  and  calls  you  for  an  emergency  cardiac 
surgical  consultation. 
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SOLUTION 

Despite  having  an  acute  left  main  equivalent 
lesion,  enough  flow  perfuses  the  left  coronary 
branches  to  allow  the  patient's  hemodynamics 
to  remain  stable  during  the  precipitous trans^ 
fer  to  a  hastily  prepared  operating  room  or 
tunately,  one  was  available).  At  surgery, 
you  notice  some  epicardial  hemorrhage  ov 
the  proximal  portion  of  the  left  anterior  e 
scending.  Remarkably,  there  is  norma  e 
ventricular  contractility  with  no  evi  ence  o 
transmural  myocardial  infarction.  Once  on 
cardiopulmonary  bypass,  you  adminis  er 
cardioplegia  through  the  aortic  root  an  i 
rectly  through  the  arteriotomies  in  the  left  an¬ 
terior  descending  and  circumflex  coronary 
arteries.  In  the  interest  of  performing  an  expe¬ 
ditious  procedure  under  adverse  circum 
stances,  you  forgo  a  dissection  of  the  le  t 
internal  thoracic  artery  and  construct  saphen¬ 
ous  vein  grafts  to  the  left  anterior  descending, 
circumflex,  and  right  posterior  descending 
coronary  arteries.  The  patient  makes  an  un¬ 
eventful  recovery  and  remains  well  over  4 
years  later. 


DISCUSSION 

The  advent  of  coronary  balloon  angioplasty 
and  other  interventions,  such  as  atherectomy, 
roto-ablation,  and  laser  angioplasty,  have  en¬ 
abled  cardiologists  to  participate  in  the  treat¬ 
ment  of  coronary  artery  disease  as  well  as  in 
its  diagnosis.  It  is  important  that,  in  each  case, 
the  risk  of  angioplasty  failure  be  weighed 
against  the  risk  of  elective  coronary  artery  by¬ 
pass  grafting,  and  against  the  risk  of  emer¬ 
gency  coronary  artery  bypass  grafting  in 
patients  experiencing  a  myocardial  infarction 
with  or  without  cardiogenic  shock.  A  cumula- 
tive  summary  of  15  series  of  patients,  re¬ 
viewed  by  Parsonnet  et  al„  revealed  an  18  8% 
operative  mortality  rate  for  coronary  artery 
bypass  grafting  after  failed  angioplasty  com¬ 
pared  to  a  1.5%  operative  mortality  rate  for 
elective  coronary  artery  bypass  grafting  Of 
the  patients  who  died,  50%  were  in  cardio¬ 
genic  shock.  Comparing  coronary  artery  bv 
pass  grafting  after  failed  angioplasty  with 
elective  coronary  artery  bypass  grafting,  the 
average  number  of  grafts  is  1 .9  vemus  Zbfwith 
use  of  the  internal  thoracic  artery,  9%  versm 
49%;  with  units  of  packed  cells  administered 


5.2%  versus  3.3%;  with  incidenc 
myocardial  infarction,  28%  versus^ 
bleeding,  28%  versus  13%;  with  p  With 
tamponade,  10.5%  versus  1.5%;  an^ ^^Ul 
diac  arrest,  6%  versus  0%.  The  probT*1  ^ 
angina  5  years  following  coronary  of 
pass  grafting  after  failed  angiopiast^  V 
versus  56%  for  angioplasty  alone.  ^ 

Reasonable  indications  for  coronary  b 

angioplasty  include  patients  who  refuse  °°n 
gery;  symptomatically  disabled  patients  S 
widespread  malignant  or  infectious  disea!! 
processes;  arteriosclerotic  lesions  that  are  con 
centric,  noncalcified,  away  from  branch 
points,  and  not  in  the  most  proximal  portions 
of  major  coronary  arteries;  arteriosclerotic  nar¬ 
rowing  of  a  coronary  artery  responsible  f0r 
disabling  symptoms  but  supplying  a  function¬ 
ally  insignificant  segment  of  myocardium; 
acute  occlusion  of  a  major  coronary  artery  that 
has  not  responded  to  thrombolytic  therapy; 
anastomotic  narrowing  of  a  coronary  artery 
bypass  graft;  and  severely  compromised  ven¬ 
tricular  dysfunction  that  precludes  surgical  in¬ 
tervention. 

The  present  case  represented  a  high-risk 
angioplasty  because  of  the  proximal  position 
of  the  lesion  in  the  left  anterior  descending 
coronary  artery.  As  illustrated  by  this  case,  the 
acute  risks  of  dilating  such  a  lesion  include  lo¬ 
cal  dissection,  retrodissection  into  the  left 
main  coronary  artery,  and  propagation  of  a 
clot  into  the  circumflex  coronary  artery.  Be¬ 
cause  of  the  development  of  an  acute  left  main 
equivalent  lesion,  the  80%  lesion  in  the  poste¬ 
rior  descending  was  never  addressed,  creating 
a  situation  of  incomplete  revascularization. 
Although  the  patient  remained  marginally 
compensated  with  a  bailout  catheter,  his  myo¬ 
cardial  reserve  was  now  defined  by  significant 
lesions  in  all  three  major  coronary  vessels.  Be¬ 
cause  of  the  acuity  of  the  situation,  this  patient 
was  denied  the  use  of  the  internal  thoracic  ar¬ 
tery  as  a  graft  for  the  left  anterior  descending 
coronary  artery  owing  to  the  surgical  team  s 
reluctance  to  spend  the  extra  time  separating 
this  vessel  from  the  chest  wall,  despite  thefart 
that  this  can  be  facilitated  by  using  carbodis 
section  of  the  pedicle;  furthermore,  the  pa^ 
required  three  grafts  instead  of  the  two  e 
would  have  required  had  he  been  operate 
electively. 

Because  procedural  morbidity  and  mortally 
are  a  direct  function  of  correct  decisions,  not  t 


•  ns  whether  or  not  a  patient  should  un- 
balloon  angioplasty  or  coronary  artery 
Sss  grafting  must  be  based  on  close  collabo- 
byp  tJtween  the  cardiologist  and  the  cardiac 
M  'geon  The  cardiologist  must  accept  the  real- 
Z  that  a  patient  who  is  a  suitable  candidate  for 
'cureery  before  angioplasty  may  not  be  a  candi¬ 
date  for  surgery  after  a  faded  angioplasty.  The 
cardiac  surgeon  must  insist  upon  an  active  role 
in  this  decision-making  process,  as  he  should 
decide  the  appropriateness  of  his  involvement 
in  any  surgical  procedure. 

Having  said  this,  it  must  be  recognized  that 
coronary  artery  bypass  grafting  is  not  a  perfect 
procedure,  either.  Like  angioplasty,  it  is  pallia¬ 
tive.  Acute  or  chronic  graft  closure  may  occur 
(50%  of  vein  grafts  after  10  years,  and  10%  of 
internal  thoracic  artery  grafts  after  10  years). 
There  are  small  but  real  risks  of  bleeding, 
stroke,  infection,  myocardial  infarction,  and 
insult  to  other  organs,  especially  in  patients 
over  80  years  of  age.  For  these  reasons,  many 
patients  are  advised  to  undergo  coronary  bal¬ 


loon  angioplasty  first,  saving  the  coronary  ar¬ 
tery  bypass  procedure  as  a  last  resort.  The  ma¬ 
jor  consideration  in  choosing  any  procedure 
must  weigh  the  potential  risks  as  opposed  to 
the  benefits;  the  issue  is  never,  "I  can  do  this," 
but  must  always  be,  "Should  I  do  this?" 
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^  63-year-old  patient  with  a  strong  family  history  of  coronary 
artery  disease  presents  with  a  one-year  history  of  exertional 

ina  Cardiac  catheterization  reveals  inferobasal  akinesis, 
ail  80%  left  main  lesion,  a  95%  diagonal  lesion,  and  total 

obstruction  of  the  right  coronary  artery. 

At  surgery,  you  find  a  surprisingly  large  transmural  infarction 
involving  most  of  the  posterior  and  inferior  walls  of  the  right 
and  left  ventricles.  You  graft  the  left  internal  thoracic  artery 
to  the  left  anterior  descending  and  construct  vein  grafts  to  the 
diagonal,  circumflex,  and  posterior  descending  coronary  arteries. 
You  separate  the  patient  from  cardiopulmonary  bypass  easily 
and  transfer  him  to  the  cardiac  surgical  intensive  care  unit  in 
satisfactory  condition.  You  extubate  the  patient  and  remove  the 
mediastinal  drains  and  monitoring  lines  on  the  afternoon  of  the 
first  postoperative  day. 

Later  that  evening,  the  patient  spikes  to  101.6  F.  You  obtain 
blood,  sputum,  and  urine  cultures.  During  this  time,  you 
notice  a  low  systemic  vascular  resistance  with  a  labile  blood 
pressure,  as  well  as  oliguria  and  a  rising  serum  creatine,  for 
which  you  start  a  dopamine  drip.  By  the  morning  of  the  secon 
postoperative  day,  the  patient  requires  reintubation  for  acute 
respiratory  failure.  Because  of  left  lower  lobe  atelectasis,  you 
perform  a  bronchoscopy  to  rule  out  a  mucus  plug.  During 
the  bronchoscopy,  after  a  cough,  you  notice  a  small  amount 
of  serosanguineous  fluid  in  the  lower  third  of  a  totally  benign 
appearing  sternotomy  incision.  It  is  less  than  48  hours  after  a 
completely  uneventful  operation  and  this  patient  now  challenges 
you  with  his  imminent  self-destruction,  making  a  cruel  mockery 
°f  your  best  efforts.  What  should  you  do  now? 
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SOLUTION 

You  obtain  a  gram  stain  of  the  sternal  drainage 
and  are  shocked  to  find  it  reveals  numerous 
gram-negative  bacteria.  Simultaneously,  you 
learn  that  the  blood  cultures  from  the  previous 
evening  have  grown  out  a  gram-negative  rod 
as  well.  The  patient's  white  blood  cell  count 
has  risen  from  8900  on  the  first  postoperative 
evening  to  14,200.  You  start  antibiotics  and  re¬ 
turn  the  patient  to  the  operating  room  without 
delay. 

At  surgery,  you  identify  purulent  material 
in  the  mediastinum  and  an  acute  fibrinous 
peel  over  the  heart,  as  well  as  a  500  cc  purulent 
effusion  in  the  left  pleural  space.  You  irrigate 
the  mediastinum,  pericardium,  and  pleural 
space  with  6  L  of  saline  containing  5  cc/L  of 
povidone-iodine  (Betadine);  place  a  chest  tube 
in  the  pleural  space;  and  place  catheters  for  ir¬ 
rigation  and  drainage  in  the  anterior  media¬ 
stinum  and  posterior  pericardium.  You 
approximate  the  sternum  with  stainless  steel 
wires  and  close  the  linea  alba  and  pectoralis 
fascia  with  absorbable  sutures.  You  pack  the 
subcutaneous  tissue  with  iodoform  gauze  and 
cover  the  incision  with  Betadine-impregnated 
plastic  sheeting. 

In  the  intensive  care  unit,  you  begin  mediasti¬ 
nal  irrigation  with  normal  saline  at  100  to  150 
cc/hour  and  institute  total  parenteral  nutrition. 
You  administer  industrial  doses  of  organism- 
specific  antibiotics.  Despite  this  treatment,  you 
identify  a  sternal  dehiscence  and  return  the  pa¬ 
tient  to  the  operating  room  8  days  following  his 
initial  debridement  for  rotation  of  a  pectoralis 
major  muscle  flap  based  on  a  thoracoacromial 
pedicle.  The  patient  has  a  protracted  course,  but 
leaves  the  hospital  and  remains  well,  infection- 
free,  a  year  and  a  half  later. 


DISCUSSION 

The  incidence  of  postoperative  mediastinitis  i 
1%  to  3%  and  is  associated  with  a  mortal* 

Afih  k!u  ifri8ati0n  techni<lu<s  alone 
Although  the  etiology  in  this  case  was  neve 

identified,  the  rapid,  almost  ferocious,  onset  ii 

this  relatively  young,  healthy  patient  was  con 

sistent  with  a  virtual  inoculation  at  the  time  o 

surgery  or  in  the  intensive  care  unit.  Contami 

nation  of  the  monitoring  lines  and  injectioi 

ports,  the  injectate  used  to  measure  ther 

modilution  cardiac  outputs,  the  anesthesia  cir 


cuit,  the  perfusion  lines,  or  the  surd  . 
ments  were  all  possible  sources  ^  ^ 

Other  causes  that  may  predispose . 
complication  include  advancedVT  Uch> 
tritional  status,  diabetes  mellitus  P°°rnu- 
but  subclinical  infections,  impaired^6"* 
competence,  prolonged  duration 
low  cardiac  output,  emergency  rJr!  ger*' 
for  bleeding,  use  of  both  internal  tho«cat‘0n 
tenes  for  bypass  conduits,  and  breaks  in 
cal  technique.  This  patient's  survival T 
a  direct  function  of  his  otherwise  excels! 
condition,  the  rapidity  of  the  diagnosis  2 
aggressive  treatment,  and  support  with 
parenteral  nutrition  from  the  beginning  0f  his 
illness. 


In  the  early  days  of  cardiac  surgery,  the 
treatment  of  mediastinitis  consisted  of 
debridement,  open  drainage  and  packing 
with  slow  granulation  of  the  open  wound  over 
a  period  of  weeks  or  months.  More  recently, 
debridement,  sternal  rewiring,  and  mediasti¬ 
nal  irrigation  with  low  concentration  Betadine 
or  antibiotic  solutions  has  been  successful  but 
still  carries  a  mortality  rate  of  more  than  20%. 
If  this  approach  fails  (as  evidenced  by  recur¬ 
rent  culture-positive  drainage  and  sternal  de¬ 
hiscence),  rotation  of  pectoralis  major  or  rectus 
abdominus  muscle  flaps,  or  omental  transpo¬ 
sition,  after  further  debridement  of  devitalized 
soft  tissue,  cartilage,  and  bone,  offer  large 
volumes  of  viable  tissue  to  fill  dead  space  and 
restore  stability  to  the  chest  wall.  These  tech¬ 
niques  have  reduced  the  mortality  of  postop¬ 
erative  mediastinitis  to  5%. 
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A  56-year-old  patient  with  a  history  of  angina  pectoris  and  inter¬ 
mittent  congestive  heart  failure  for  many  years  enters  the  hospital 
with  pulmonary  edema.  Shortly  after  receiving  an  angiotensin¬ 
converting  enzyme  inhibitor  to  optimize  afterload,  the  patient 
becomes  hypotensive  and  develops  angina  pectoris  with 
precordial  ST  segment  elevation.  In  the  cardiac  catheterization 
laboratory,  an  intra-aortic  balloon  is  inserted  prior  to  angio¬ 
graphy.  The  left  ventricular  ejection  fraction  is  11%  with  contrac¬ 
tility  observed  only  in  the  posterior  wall,  high  septum,  and  base. 
A  pedunculated,  mobile  clot  is  identified  in  the  left  ventricular 
apex.  There  is  a  60%  left  main  lesion,  subtotal  obstruction  of  the 
left  anterior  descending,  which  contains  a  mobile  clot,  subtotal 
obstruction  of  the  obtuse  circumflex  marginal  branches,  and  a 
congenitally  small  right  coronary  artery.  You  have  been  asked  to 
evaluate  the  patient  for  surgery.  An  ejection  fraction  of  11%? 
They  must  be  kidding! 
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SOLUTION 

You  decide  that  the  basic  issue  is  to  determine 
whether  or  not  the  ventricular  dysfunction  is 
the  result  of  scar  or  ischemia.  You  request  a  ra¬ 
dionuclide  wall  morion  study,  which  con¬ 
firms  the  left  ventricular  ejection  fraction  of 
11%  and  also  reveals  a  right  ventricular  ejec¬ 
tion  fraction  of  22%.  Of  considerable  interest  is 
a  thallium  study  that  demonstrates  viable 
myocardium  in  all  segments  except  the  mfero- 
apex,  with  normal  wall  thickness  in  both  ven¬ 
tricles.  Improvement  in  the  cardiac  index  to 
25  L/min/m2on  a  dobutamine  drip  in  the  ab¬ 
sence  of  tachycardia,  and  recurrent  chest  pain 
with  the  discontinuation  of  nitroglycerine, 
suggest  the  presence  of  stunned  myocardium 
as  well  as  its  capability  for  recruitment  to 
enhance  the  patient's  hemodynamics.  The 
patient  is  certainly  a  candidate  for  revascu¬ 
larization.  Your  cardiologists  decline  to  per¬ 
form  percutaneous  transluminal  coronary 
angioplasty  because  of  the  left  main  lesion,  the 
complicated  lesion  in  the  left  anterior  descend¬ 
ing,  and  the  need  for  dilation  of  at  least  four 
vessels. 

At  surgery,  with  the  appropriate  caveats  of 
high  risk  clearly  understood  by  the  patient 
and  his  family,  you  initially  open  the  left  ven¬ 
tricle  and  remove  the  apical  clots  to  prevent 
their  embolization  during  subsequent  ma¬ 
nipulation  of  the  heart.  You  construct  grafts  to 
the  left  anterior  descending,  diagonal,  and  two 
circumflex  branches.  Separation  from  cardio¬ 
pulmonary  bypass  is  uneventful,  and  you  are 
gratified  to  observe  that  the  overall  size  of  the 
heart  is  smaller  with  markedly  improved  con¬ 
tractility. 

DISCUSSION 

The  key  to  appropriate  decision  making  in  this 
case  rested  upon  the  determination  by  clinical 
and  laboratory  parameters  that  this  patient's 
cardiac  dysfunction  was  largely  ischemic 
The  literature  documents  that  akinetic  myo^ 
cardial  segments  found  to  be  viable  with  thal¬ 
lium  scanning,  and  more  recently  with 
positron  emission  tomographic  techniques, 
will  demonstrate  improved  contractility  after 
revascularization.  That  phenomenon  was 
demonstrated  in  this  case  during  surgery,  ad¬ 
mittedly  with  the  patient  under  general  anes¬ 
thesia  and  with  continuous  monitoring  of 
preload  and  afterload. 


There  is  evidence  that  the  moro 

left  ventricular  dysfunction  the  ^Ih,  j 

benefit  of  coronary  bypass  grafti  ^ 
ing,  of  course,  that  reversible  ,Sch  Prov»<l-  j 
not  diffuse  scar,  underlies  much  ofT' ar* 
function,  but  early  survival  of  these  -  dyv 
lower  than  that  of  those  with  mildly  ?tientjs 
left  ventricular  function,  especially  ,f 
lar  contractility  does  not  improve  I 

completely  enough  to  support  the  (US  * 
Pharmacologic  and  mechanical  meanTf 
culatory  support,  such  as  intra-aortic 
counterpulsation  or  ventricular  assist  (W? 

may  be  necessary  in  such  instances.  AccoS 

to  the  Coronary  Artery  Surgery  Study  the? 
year  surgical  survival  of  patients  withsevn* 
left  ventricular  dysfunction,  three-vessel  dis¬ 
ease,  and  severe  angina,  is  69%,  versus  32%  for 
medically  treated  patients. 

This  patient  could  have  been  placed  on  a 
waiting  list  for  cardiac  transplantation  based 
on  his  age  and  the  absence  of  diabetes 
mellitus,  infection,  significant  peripheral  vas¬ 
cular  disease,  significant  noncardiac  illness,  or 
pulmonary  hypertension.  This  was  not  done 
because  of  the  overwhelming  evidence  for  re¬ 
versible  ventricular  dysfunction.  Further¬ 
more,  a  recent  study  comparing  coronary 
artery  bypass  grafting  in  transplant-eligible 
patients  (group  1)  versus  transplant-ineligible 
patients  (group  2),  with  a  mean  left  ventricular 
ejection  fraction  of  <30%  in  both  groups,  re¬ 
vealed  no  hospital  deaths  and  a  3-year  sur¬ 
vival  of  97%  in  group  1  and  a  10%  operative 
mortality  and  a  53%  3-year  survival  ip  <  005) 
in  group  2.  The  authors  suggest  that  the  re¬ 
sults  of  cardiac  transplantation  must  be  com¬ 
pared  to  coronary  artery  bypass  grafting  in 
patients  considered  transplant  eligible. 
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A  65  year-old  patient  undergoes  reoperation  for  coronary  artery 
H  sease  On  the  fifth  postoperative  day,  the  patient  becomes  fe¬ 
brile  with  an  elevated  white  count,  and  purulent  material  (which 
nbsequently  grew  out  Staphylococcus  aureus)  drains  from  the 
Temotomy  incision.  Mediastinal  exploration  with  debridement, 
sternal  rewiring,  and  subsequent  mediastinal  irrigation  with  a 
dilute  solution  of  povidone-iodine  (Betadine)  is  carried  out  for  6 
days  after  which  the  mediastinal  drains  are  removed.  Twelve 
hours  later,  at  2:45  a.m.,  you  receive  a  call  from  the  intensive  care 
unit  nurse  who  frantically  tells  you  the  patient  has  incurred  a 
massive  hemorrhage  from  the  lower  part  of  the  sternotomy  inci¬ 
sion  and  that  his  blood  pressure  has  fallen  to  80  mm  Hg.  The  pa¬ 
tient  has  also  sustained  several  seconds  of  asystole  but  stabilized 
with  a  brief  period  of  closed  chest  massage  and  volume  infusion. 
As  you  stumble  into  your  car,  you  are  tormented  by  a  bittersweet 
conflict:  (1)  how  great  it  will  be  to  race  down  an  empty  freeway 
at  90  miles  an  hour!  and  (2)  I  think  I'd  rather  be  in  bed! 
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SOLUTION 

At  surgery,  you  identify  a  few  mediastinal 
clots.  Removal  of  one  of  them  results  in  brisk 
bleeding  from  the  toe  of  the  circumflex  proxi¬ 
mal  anastomosis.  Despite  your  apprehension 
that  the  tissues  might  be  friable,  your 
pledgeted  mattress  suture  holds.  You  freshen 
up  the  edges  of  the  incision  and  close  it,  insert 
the  chest  tubes,  and  pack  the  subcutaneous  tis¬ 
sue  with  iodoform  gauze. 

Feeling  elated  with  the  results  of  your  ef¬ 
forts,  you  both  make  it  through  the  day,  think¬ 
ing  that  if  it  had  been  the  aortic  cannulation 
site,  you  and  the  patient  might  not  have  been 
so  lucky.  You  retire  early,  expecting  a  good 
night's  sleep  but  have  a  nightmare  that  the 
telephone  is  ringing  and  the  intensive  care 
unit  nurse  is  telling  you  the  patient  has  sud¬ 
denly  dumped  a  liter  of  blood  from  his  chest 
tubes.  As  you  ascend  to  a  higher  level  of  con¬ 
sciousness,  you  realize  the  telephone  is  ring¬ 
ing,  it  is  1:45  a.m.,  and  the  nurse  on  the  line  is 
pleading  with  you  to  wake  up  and  get  to  the 
hospital  right  away.  You  are  hard  pressed  to 
accept  this  two  nights  in  a  row  and  lapse  into 
paranoid  ideation,  muttering,  "Why  is  this  pa¬ 
tient  doing  this  to  me  after  all  I've  done  for 
him?"  as  you  lurch  to  the  garage  and  start  the 
car. 

At  surgery,  you  find  another  bleeding  point, 
this  time  at  the  toe  of  the  left  anterior  descend¬ 
ing  graft,  and  control  it  with  a  single  suture. 
The  repair  from  the  previous  night  remains  in¬ 
tact.  The  remainder  of  the  patient's  hospital 
course  is  uneventful  and  the  patient  remains 
well  more  than  5  years  postoperatively. 

DISCUSSION 

The  causes  of  postoperative  mediastinitis  have 
been  partially  reviewed  elsewhere  in  this  vol¬ 
ume.  They  include,  as  well,  prolonged  opera- 


live  tone,  prolonged  postoperaa 
insufficiency,  obesity,  and 
of  tissues  such  as  excessive  use  of 
or  suture  lines  closed  under  tensf '“‘H 
strangulating  sutures.  An  additional?  *ith 
this  patient  was  the  administration  bf 7?  * 
course  of  steroids  in  the  initial  postor*?? 
period.  Steroids  had  been  given  to  p £2 
recurrence  of  pericarditis,  which  was  thou? 
to  have  contributed  to  graft  closure  after? 
patient's  first  bypass  operation  several  Ve? 
previously.  * 

Infections  involving  vascular  suture  lines 
can  be  acutely  or  chronically  catastrophic.  In¬ 
fection  of  the  aortic  cannulation  site  in  this  pa¬ 
tient  would  probably  have  been  fatal,  as 
would  have  been  a  complete  dehiscence  of  a 
proximal  anastomosis.  More  chronic  manifes¬ 
tations  of  infection  can  present  as  an  anasto¬ 
motic  false  aneurysm  or  as  endocarditis 
causing  dehiscence  of  prosthetic  valves,  annu¬ 
lar  abscesses,  or  disturbances  in  the  cardiac 
conduction  system. 
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.  r^ear-old  patient  presents  with  a  2-day  history  of  chest  pain. 

C.  pipctrocardiogram  reveals  an  evolving  anterior  myocardial 
rj  .tnn  and  there  is  biochemical  evidence  that  the  patient  is  on 
ffdownwaid  slope  of  what  must  have  been  an  earlier  rise  in  his 
creatine  phospholdnase  level  On  the  day  following  admission,  3 
Zs  follow^  the  onset  of  chest  pain,  a  harsh  precordial  mur¬ 
mur  appears.  Doppler  echocardiography  documents  a  ventncu- 
£th  a  left-to-right  shunt.  Cardie  cathetenzahon 
confine  the  presence  of  a  ventricular  septal  defect  with  a  Qp.Qs 
of  31  There  is  total  obstruction  of  the  left  anterior  descending 
coronary  artery.  The  diagonal  and  a  large  circumflex  coronary 
artery  are  normal,  and  a  large  right  coronary  artery  has  mild  dif¬ 
fuse  disease  The  patient  is  reasonably  stable  on  a  dopamine  drip 
with  a  heart  rate  in  the  90's  but  is  beginning  to  develop  congestive 
heart  failure.  You  have  been  asked  to  guide  this  patient's  man¬ 


agement. 
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SOLUTION 

Despite  the  fact  that  the  ventricular  septal 
defect  occurred  about  3  days  following  t  e 
myocardial  infarction  and  the  involve  tis 
sues  will  be  soft  and  necrotic,  you  elect  to 
operate  urgently  before  further  heart  an 
multisystem  organ  failure  ensue.  You  ee  en 
couraged  because  the  patient  has  not,  as  yet, 
required  intra-aortic  balloon  counterpu  sa 
tion  for  circulatory  support. 

At  surgery,  you  identify  an  acute  antero 
lateral-apical  infarction  and  palpate  a  thril  at 
the  lower  aspect  of  the  right  ventricular  free 
wall.  You  open  the  left  ventricle  through  the 
infarction  to  the  left  of  the  interventricular 
septum,  identify  the  septal  defect,  and  re 
move  all  necrotic  septal  tissue,  unroofing  the 
septum  as  you  enter  the  right  ventricle.  For¬ 
tunately,  the  papillary  muscle  of  the  tricuspid 
valve  appears  not  to  be  involved. 

You  next  cut  a  circular  patch  of  filamentous 
Dacron,  fold  it  over  on  itself,  and  place  it  so 
as  to  straddle  the  interventricular  septum, 
with  the  folded  edge  allowed  to  protrude 
through  the  ventriculotomy.  You  pass  multi¬ 
ple  pledgeted  mattress  sutures  through  both 
sides  of  the  patch  as  it  straddles  the  septum, 
the  sutures  passing  through  the  septum  as  far 
from  the  debrided  edge  as  possible.  You  then 
place  Teflon  felt  strips  along  the  edges  of  the 
biventriculotomy  and  pass  sutures  through 
the  strips,  the  cut  edges  of  the  ventricles,  and 
through  the  folded  part  of  the  patch,  which 
protrudes  through  the  incision.  Once  you 
terminate  cardiopulmonary  bypass,  an  intra¬ 
operative  Doppler  echocardiogram  confirms 
complete  repair  of  the  defect. 


DISCUSSION 

Postinfarction  ventricular  septal  defects  ac¬ 
count  for  5%  of  all  postinfarction  deaths.  With 
medical  management  alone,  a  postinfarction 
ventricular  septal  defect  has  a  2-month  mor¬ 
tality  of  about  75%  and  a  1-year  survival  of 
5%  or  less.  They  usually  result  from  acute 
total  occlusion  of  a  large  single  vessel,  most 
frequently  the  left  anterior  descending,  in 
the  presence  of  a  small  right  coronary  artery, 
which  results  in  an  antero-apical  defect.  Some 
what  less  frequently,  a  large  right  coronary 
artery  m  the  presence  of  a  small  left  anterior 
descending  becomes  occluded,  resulting  in  a 


posterior  septal-apical  defect  \\ 

has  a  higher  operative  mortality  faT*  le^on 
higher  associated  incidence  of  r-  b  e°fthe 
lar  dysfimctic,  and  ,he  posibfc8™  ' 
for  additional  intervention  that  r  i  me|U 
ischemia  or  infarction  of  the  Daniil5  ^ 
of  the  mitral  valve.  ar7  musc|es 

The  onset  of  a  postinfarction  Ven,  • 

septal  defect  is  usually  3  to  5  days  aft 
rial  event  and  is  associated  with  ^  ^ 


namic decompensation  that  fiequendv''^' 
endotracheal  intubation  because  ofD  |  ^ 
edema,  as  well  as  circulatory  suppon  vviT^ 
tropes  and  intra-aortic  balloon  countem?0' 
tion.  The  differential  diagnosis  between^!? 
ventricular  septal  defect  and  a  ruptured 
lary  muscle  of  the  mitral  valve  ran  be 
mined  by  insertion  of  a  Swan-Gam  pulmon^ 
artery  catheter  with  simultaneous  measurement 
of  the  right  atrial,  pulmonary  arterial,  and  sys- 
temic  arterial  oxygen  saturations.  A  step-up 
in  oxygen  saturation  in  the  right  ventricle  or 
the  pulmonary  artery  confirms  the  diagnosis 
of  a  ventricular  septal  defect.  The  diagnosis 
may  be  made  more  rapidly  and  noninvasively 
with  Doppler  echocardiography.  Cardiac  cath¬ 
eterization  to  determine  the  coronary  anatomy 
need  be  performed  only  if  the  condition  of  the 
patient  is  stable. 

Cooley  et  al.  reported  the  first  surgical 
repair  of  a  postinfarction  ventricular  septal 
defect,  and  Kitamura  et  al.  reported  a  32% 
survival  after  one  year.  Because  of  high  ear¬ 
ly  operative  mortality  rates,  initial  efforts  at 
repair  were  delayed  as  long  as  possible  to  al¬ 
low  infracted  tissue  to  develop  scar  capable 
of  holding  sutures,  but  only  patients  with 
smaller,  restrictive  defects  could  survive  this 
delay  in  treatment.  As  newer  techniques  o 
patching  ventricular  septal  defects  in  con 
junction  with  patch  reconstruction  o  e 
posterior  and  inferior  ventricular  w  s  * 
reduce  tension  on  the  suture  lines  evo  ve^ 
repairs  were  attempted  earlier  in  the  coU 
of  the  disease.  Postinfarction  ventric 
septal  defect  is  now  regarded  as  an  ,® 
tion  for  acute  surgical  intervention.  ^ 

the  method  described  in  the  Prese^ _aPical 
a  tension-free  repair  of  any  ante  ^  ^ 
septal  defect  can  be  performe  ^  ^ 
postinfarction  time  interval  wit  0f 

mortality  of  less  than  20%-  j  with 
ventricular  septal  defects  aSS°C.  jficantly 
posteroinferior  infarcts  has  a 


mi- 
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h  eher  operative  mortality  (60%)  especially  if 

Oogenic  shock  and  transventricular  mitral 

valve  repair  or  replacement  are  required  as 

additional  procedures. 
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An  obese  83-year-old  patient  has  been  admitted  with  acute  pul¬ 
monary  edema.  Doppler  echocardiography  reveals  4+  mitral  in¬ 
sufficiency,  excellent  left  ventricular  contractility,  and  normal 
coronary  arteries,  but  the  patient  refuses  surgical  intervention.  A 
short  time  after  her  catheterization,  the  patient  requires  transfer 
to  the  intensive  care  unit  because  of  the  sudden  onset  of  hypo¬ 
tension,  tachypnea,  and  tachycardia,  thought  to  have  resulted 
from  a  ruptured  chorda  tendina.  Physical  examination  reveals 
persistence  of  the  mitral  insufficiency  murmur  with  a  few 
bibasilar  rales.  You  recommend  an  emergency  operation. 

At  surgery,  the  heart  rate  is  110,  the  right  atrial  pressure  is 
29  mm  Hg,  and  the  cardiac  index  is  1 .3  L/ min/ m2.  The  patient 
sustains  another  episode  of  profound  hypotension  shortly  after 
endotracheal  intubation.  You  perform  rapid  sternotomy  and 
cannulate  with  a  24  Fr.  aortic  perfusion  cannula  and  a  51-36 
double-caged  venous  drainage  cannula. 

The  great  vessels  are  normal,  the  right  atrium  somewhat  di¬ 
lated,  and  the  ventricles  of  normal  size  and  contractility  with  no 
evidence  of  transmural  infarction.  Almost  immediately  after  you 
begin  cardiopulmonary  bypass,  your  perfusionist  informs  you  of 
a  rapidly  falling  blood  level  in  the  oxygenator  and  that  he  has 
reached  the  point  where  he  is  no  longer  able  to  maintain  ad¬ 
equate  perfusion.  You  feel  that  bone-chilling  numbness  that  rises 
from  your  feet  and  courses  through  your  body  right  to  the  fin¬ 
gertips  when  you  sense  that  something  is  terribly  wrong  and 
everyone  is  watching. 
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SOLUTION 

You  notice  that  the  right  side  of  the  heart  has 
become  dramatically  dilated  and  is  not  being 
decompressed  by  the  venous  cannula.  You 
quickly  ascertain  there  are  no  kinks  in  the 
venous  line,  no  clamps  on  the  line,  and  the  tip 
of  the  venous  cannula  to  be  in  the  proper  posi¬ 
tion,  with  its  tip  in  the  inferior  vena  cava.  As 
you  palpate  the  vena  cava,  however,  you 
sense  it  has  a  spongy,  soft  feel,  and  decide  that, 
no  matter  what  is  going  on,  you  are  going  to 
replace  the  two-stage  cannula  with  separate 
superior  and  inferior  vena  cava  cannulas.  You 
place  a  pledgeted  purse-string  suture  at  the 
junction  of  the  superior  vena  cava  with  the 
right  atrium,  place  two  single-stage  venous 
drainage  cannulas  onto  a  Y  connector,  and  in¬ 
terrupt  cardiopulmonary  bypass.  You  clamp 
the  two-stage  venous  cannula  and,  with  a 
clamp  on  the  new  inferior  vena  cava  cannula, 
insert  the  other  cannula  into  the  superior  vena 
cava  and  restore  venous  return  to  the  oxygen¬ 
ator.  As  you  remove  the  two-stage  cannula, 
you  are  amazed  to  see  that  it  is  followed  by 
four  separate  organized  thrombi,  each  10  cm 
long  and  1  cm  in  diameter.  You  quickly  insert 
the  new  inferior  vena  cava  cannula  and  restore 
full  flow  with  marked  decompression  of  the 
right  side  of  the  heart. 


DISCUSSION 

Impaired  right-sided  decompression  in  th 
case  resulted  from  occlusion  of  a  two-staj 
venous  drainage  cannula  by  multiple  embc 
from  the  pelvic  veins  and  deep  venous  syste 
of  the  lower  extremities.  It  is  likely  that  tl 
patient's  episodes  of  hypotension  that  precir 
tated  both  her  arrival  in  the  operating  roo 
and  the  necessity  for  rapid  entry  into  the  chc 
shortly  after  intubation  resulted  from  recu 
rent  pulmonary  emboli.  The  fact  that  on 
mild  bibasilar  rales  could  be  heard  just  prior 


transfer  to  the  operating  rnnm 

sistent  with  this  diagnosis  than  ^ 

bation  of  mitral  insufficiency  I  N- 
have  been  associated  with  flo'rid  „  , Shoul11 
edema,  despite  the  aggressiveness  2^1 
diuresis.  The  mitral  valve  itself  reveaTl'”*” 

myxomatous  degeneration.  0nlV 


Other  causes  of  impaired  venous  ** 
dude  malpositioning  of  a  two-stage  can"LT 
such  that  its  tip  is  in  the  right  ventride  insw 
of  the  inferior  vena  cava,  or  perforation  of  the 
inferior  vena  cava  by  the  tip  of  the  cannula 
with  the  cannula  itself  obstructing  flow  from 
the  vena  cava.  Even  with  two  separate  venous 
cannulas,  impaired  venous  return  can  result 
from  snaring  of  the  superior  and/or  inferior 
vena  cava  with  tapes  placed  beyond  the  tips  of 
the  cannulas,  effectively  ligating  the  venae  ca- 
vae.  It  can  also  result  from  failure  to  drain 
blood  from  a  left  superior  vena  cava  draining 
into  the  coronary  sinus  or  placement  of  the 
cannulas  too  far  into  the  cavae  so  as  to  obstruct 
venous  return  from  the  azygous  vein  or  the 
hepatic  veins.  Common  to  both  methods  of 
cannulation,  impaired  venus  drainage  may  re¬ 
sult  from  kinks  in  the  venous  line;  a  damp  left 
on  the  venous  line;  an  air  lock  that  impedes 
gravity  drainage  into  the  oxygenator  with  air 
entry  into  the  line  from  around  an  atrial  purse¬ 
string  suture  or  from  an  unrecognized  tear, 
usually  at  the  junction  of  the  innominate  vein 
with  the  superior  vena  cava;  or  an  acute 
intraoperative  aortic  dissection. 
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a  66-year-old  patient  who  had  undergone  coronary  artery  by- 
grafting  12  years  previously,  enters  the  hospital  for  the 
Valuation  and  treatment  of  ventricular  arrhythmias.  One  year 
odor  to  admission,  the  patient  had  been  started  on  quinidine  be¬ 
cause  of  premature  ventricular  contractions.  He  was  subse¬ 
quently  admitted  because  of  syncope.  An  electrophysiology 
lldv  revealed  sick  sinus  syndrome  with  no  inducible  ventricu- 
L  tachycardia,  and  a  bipolar  SSI  pacemaker  was  implanted. 

Three  months  prior  to  the  present  admission,  the  patient  expen¬ 
ded  polymorphic  ventricular  tachycardia  refractory  to  multiple 
antiarrhythmic  agents  and  was  finally  placed  on  amiodarone. 

While  controlling  the  arrhythmia,  this  treatment  caused  severe 
pulmonary  insufficiency  that  necessitated  cessation  of  the 
amiodarone  and  endotracheal  intubation  for  a  3-week  penod. 
During  this  time,  the  pO,  was  in  the  40's  and  thepatimt  required 
pharmacologic  circulatory  support.  Since  extubahon,  the  pahe 
has  had  an  intermittent,  nonproductive  dry  cough. 

Although  the  patient  has  not  had  any  recent  clinical  episodes  of 
ventricular  tachycardia,  probably  because  of  high  residual anuo- 
darone  tissue  levels,  another  electrophysiology  study  demonstrates 
inducible  ventricular  tachycardia,  which  degenerates  into  ventncu- 
lar  fibrillation.  Cardiac  catheterization  reveals  antero-apical  an 
apical-inferior  akinesis.  There  is  total  obstruction  of  the  left  antenor 
descending  and  right  coronary  arteries  with  a  relative  y  no 
circumflex.  Grafts  to  the  left  anterior  descending  and  right  coro- 
nary  arteries  are  patent.  You  are  consulted  to  implant  an  automa  c 
implantable  cardioverter-  defibrillator  (AICD). 

On  physical  examination,  you  are  startled  to  find  dif  se  ry 
rales  throughout  both  lung  fields.  A  chest  roentgenogram  revea^ 
a  prominent  bilateral  reticular  pattern  consistent  with  intersti 
fibrosis.  Pulmonary  function  studies  reveal  a  diffusion  caP^lty 
°f  43%,  with  room  air  arterial  blood  gases  showing  a  pH  o  •  , 
PC02  of  41,  and  a  p02  of  72.  What  is  your  recommendation. 
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SOLUTION 

Because  of  the  high  operative  mortality  rate  of 
any  surgical  procedure  that  requires  general 
anesthesia  in  patients  with  residual  amio- 
darone-induced  pulmonary  dysfunction,  you 
urge  your  electrophysiologist  to  consider 
other  modalities  of  treatment:  (1)  trials  of  other 
antiarrhythmic  drugs  in  an  attempt  to  provide 
time  for  further  resolution  of  the  pulmonary 
dysfunction;  (2)  transfer  of  the  patient  to  a  cen¬ 
ter  investigating  AICD  systems  employing 
transvenous  rate  sensing  leads  and  trans¬ 
venous  and  subcutaneous  defibrillating  leads, 
all  of  which  can  be  implanted  using  local  anes¬ 
thetics  without  a  thoracotomy;  (3)  an  attempt 
at  radio  frequency  catheter  ablation  of  the 
arrythmogenic  focus  in  the  left  ventricle,  rec¬ 
ognizing  that  the  success  of  such  a  procedure 
is  currently  only  between  30%  and  50%  and 
has  risks  that  include  perforation  of  the  ven¬ 
tricle  and  cerebrovascular  accident.  The  next 
morning,  after  what  you  had  considered  to  be 
a  thoughtful  approach,  you  discover  that  the 
patient  has  been  transferred  to  another  institu¬ 
tion  for  implantation  of  a  conventional  AICD 
through  a  left  thoracotomy  incision  under 
general  anesthesia. 

The  patient  receives  pretreatment  with  cor¬ 
ticosteroids.  Anesthesia  includes  induction  by 
sufentanil  and  thiopental  (Pentothal),  with 
maintenance  by  isoflurane  (Forane),  and  a  5  to 
6  L  flow  of  oxygen,  sufficient  to  maintain  an 
oxygen  saturation  ranging  between  94%  and 
100%.  The  patient  is  extubated  promptly  fol¬ 
lowing  the  procedure,  with  analgesia  pro¬ 
vided  by  epidural  duramorph.  Within  48 
hours,  the  patient  becomes  dyspneic,  hypox¬ 
emic,  and  requires  endotracheal  intubation  at 
a  time  when  the  arterial  blood  gases  reveal  a 
pH  of  7.20,  a  pC02  of  50,  and  a  p02  of  20.  The 
intubation  is  difficult  and  is  complicated  by  a 
cardiac  arrest  from  which  the  patient  is  resus¬ 
citated  but  remains  comatose  from  anoxic 
encephalopathy  until  his  demise  14  days  later. 


DISCUSSION 

Amiodarone  is  a  potent  antiarrhythmic  drug 
that  slows  repolarization  and  increases  the 
fibrillatory  threshold  in  myocardial  cells.  It  is 
slowly  absorbed,  is  protein  bound,  and  has  an 
elimination  half-life  estimated  to  be  between 


10  and  50  days.  Pulmonary  abn. 
pear  to  be  dose  and/or  duration  ^  aP- 
cially  in  patients  who  receive 
doses  of  greater  than  400  mg  dail,  nan* 
riod  of  14  months,  and  are  more  In  ^  8  ^ 
patients  with  preexistent  PulmonS3 in 
tion.  Patients  may  present  with  inter!  7* 
alveolar  infiltrates,  which  may  progre^  °r 
startling  rapidity  to  a  respiratory  dif^vl 
drome  characterized  by  pulmonary  e<w' 
and  hemorrhage,  hyaline  membrane  fonT 
tion,  and  superimposed  infections.  Because 
its  long  half-life,  significant  amounts  of 
amiodarone  and  its  metabolite,  desethylamiol 
darone,  may  persist  in  pulmonary  tissue  lone 
after  symptomatic  and  radiographic  improve- 
ment  has  occurred.  As  illustrated  by  this  case 
it  is  typical  for  such  patients  to  be  extubated 
following  an  uneventful  general  anesthetic, 
only  to  experience  the  rapid  progression  of 
respiratory  insufficiency.  | 

Many  factors,  in  addition  to  preexistent  pul¬ 
monary  dysfunction,  have  been  suspected  to 
increase  the  risk  of  deterioration  of  pulmonary 
function  in  patients  who  have  received 
amiodarone.  These  include  inspired  oxygen, 
especially  in  concentrations  greater  than  60%; 
anesthetic  agents;  and  cardiopulmonary  by¬ 
pass.  Because  of  the  extremely  high  operative 
mortality  rate,  patients  with  a  history  of 
amiodarone  ingestion  with  known  spiromet- 
ric  or  diffusion  abnormalities  of  pulmonary 
function  should  not  be  subjected  to  any  proce¬ 
dure  that  requires  general  anesthesia. 

The  treatment  of  amiodarone  pulmonary 
toxicity  is  nonspecific  and  includes  cessation  ; 
of  the  drug,  administration  of  corticosteroi  s, 
diuresis,  and  mechanical  ventilatory  ®UPP° 
with  the  lowest  concentration  possibeo  i 
spired  02  to  reduce  the  added  insult  of  oxyge 
toxicity.  Whether  the  employment  o  v 
venous  extracorporeal  membrane  oxy 
ation  (EC MO)  has  a  role  in  supporting 
patients  has  not  been  demonstrated. 

This  case  is  another  illustration  o  ^ 
that  surgical  morbidity  and  mortality 
a  direct  function  of  correct  decision 
not  correct  incision  making. 
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A  66-year-old  patient  enters  the  hospital  with  crescendo  angina. 

Mine  years  previously  he  underwent  coronary  artery  bypass 
oraftine  which  had  been  complicated  by  an  angiographically 
nroven  pulmonary  embolus.  Cardiac  catheterization  reveals  sat- 
•  factory  left  ventricular  function,  subtotal  obstruction  of  the  left 
anterior  descending  and  right  coronary  arteries  tot^  occlusion  of 
C left  anterior  descending  and  diagonal  grafts  an  80%  narrow- 
tag  in  the  circumflex  graft,  and  a  95%  lesion  in  the  right  coronary 

^Your  preoperative  evaluation  reveals  that  both  greater  saphen¬ 
ous  veii  had  previously  been  used.  A  duplex  scan  shows  the 
°Zer  saphenous  veins  to  be  small.  You  begin  the  operation  by 
harvesting  cephalic  veins  from  both  arms,  repmp 
and  enter  the  chest.  You  free  up  the  aorta  and  right  atnurmtake 
down  the  left  internal  thoracic  artery,  cannulate,  and  then  begin 
t"'ut  the  remainder  of  the  heart  from  the  adhesions.  An 
ominous  spurt  of  red  blood  appears  and  you  just  know  you  ve 

transsected  the  left  anterior  descending. You 1  om ted*e 

monary  bypass  at  once,  confident  of  being  able  to 
myocardium  with  your  antegrade  and  retrograde  cardioplegi 

^oucorSmdfcephalic  vein  grafts  to  the  diagonal, 

flexes,  and  the  right  posterior  descending,  an  en  thoracic 

left  anterior  descending-left  anterior  descendmg 

artery  graft  proximal  and  distal  to  the  pomto  »  . 

left  anterior  descending  coronary  artery.  Aft  .  ^  , 

are  pleased  to  be  able  to  separate  the  patient  from  car  p 

nary  bypass  easily.  It  has  been  a  trying  case,  and  you  just  want  to 

sit  down  and  put  your  feet  up.  .  . 

You  give  the  protamine,  decannulate,  secure  hemos  sis, 
plant  the  pacing  wires,  and  place  the  mediastinal  drains.  As  you 
begin  to  tie  the  sternal  wires,  thankful  the  case  has  come  o  a  s 
cessful  conclusion,  you  notice  the  patient  has  become  protounaiy 
bradycardic,  with  a  heart  rate  of  35,  and  hypotensive  as  we 
What  now? 
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7,1*1 


«Hiv  untie  the  sternal  win's,  you 
Mp  but  wondtr  whether  the  priM 
could  have  had  Another  pulitrotvirv  emholu* 

diatelv  notice  three  thing*:  the  henrt  i»  dtotwi 
cyanotic,  and  diffusely  hypocontractile,  the 
Wood  in  the  vein  grafts  is  black,  the  lung‘s 
not  moving.  You  alert  the  anesthesiologist  as 
you  begin  to  massage  the  heart.  \ou  keep  re 
Mating  that  the  patient  is  not  being  ventilate 
tKp  blood  is  black.  the  lungs  are  not  moving, 


he  is  not  being  ventilated! 

Your  impassioned  repetition  of  these  words 
begin  to  have  an  effect.  The  anesthesiologist 
tries  bagging  the  patient  by  hand,  but  senses 
resistance  to  air  entry.  He  begins  troubleshoot¬ 
ing  the  system  by  looking  under  the  drapes 
and  immediately  spots  the  kink  in  the  endo¬ 
tracheal  tube  which  had  fallen  off  its  support 
Once  corrected,  ventilation  becomes  easy 
again,  the  lungs  begin  to  move,  the  grafts  pink 
up,  and  contractility  improves.  The  remainder 
of  the  patient's  course  is  uneventful. 


DISCUSSION 

The  key  to  the  successful  resolution  of  this 
problem  was  rapid  reentry  into  the  chest.  This 
enabled  diagnostic  and  therapeutic  measures 
to  proceed  at  once.  One  must  avoid  the  temp¬ 
tation  to  focus  attention  only  on  the  heart  as  a 
primary  cause  of  the  difficulty  but.  rather,  run 
through  a  cardiopulmonary  checklist,  espe- 
*■ slnrt‘  bypass  had  been  terminated  easily. 
The  diffuse  hypocontractility  and  black  Mood 
in  the  bypass  grafts  could  only  have  resulted 
from  impaired  ventilation  because  exploration 
of  the  chest  revealed  neither  lung  to  be  mov¬ 
ing  Despite  the  fact  that  the  initial  intubation 
was  successful,  as  documented  by  clear  vt»u 
ali/ahon  of  the  vocal  amis,  good  bilateral  mo 
Mon  of  the  chest,  good  bilateral  breath  sounds 
and  normal  cnd-fidal  CO,  determination*.  »t  is 


essential  that  the  »iiiemh,-s„ 
overcome  any  initial  re.m„,n  , "  1  I'hJ 

denial  ami  identify  t|M.  ’ .  ***ll'l  J  I 

without  delay  "  | 

CXher  causes  of  sudden 
elude  dislodgement  of  ihe  eiuliitra,^^  !  1 

proximal  to  the  vixal  tools  wuh  then n  J 
In,  or  perforating,  the  pyrtforrn 
placement  of  the  tube  into  an  rndnbwJ*? 
position,  causing  profound  intrapuln^JJ 
shunting  in  the  nonventilatni  |lmg, 
of  the  endotracheal  tube  cuff,  causing 
sive  air  leak,  detachment  of  the  rndotncigj 
lube  from  the  ventilator,  Will-valve  pfugJ 
of  the  endotracheal  tube  with  .1  mucus  plug, 
clot,  or  foreign  body,  and  tension  pneumo- 
thorax  Special  attention  must  he  given  to  ih, 
endotracheal  tube  when  turning  the  head 
from  side  to  side  during  cardiopulmorury  by¬ 
pass,  when  turning  the  patient  to  a  different 
position,  and  when  transferring  the  patient 
from  the  operating  nx>m  table  to  a  Wd  for  the 
move  to  the  intensive  care  unit. 

Other  considerations  in  this  patient  in¬ 
cluded  recurrent,  acute  pulmonary  embolus. 4 
myocardial  infarction  perhaps  secondary  to* 
kinked  vein  graft,  for  which  there  was  neither 
hemodynamic  nor  electrocardiographs:  evi¬ 
dence.  and,  certainly,  the  possibility  of  a  pw* 
mine  reaction  especially  in  a  patient  with  prw 
exposure  to  protamine. 

This  case  provides  ample  illustration  of  jj* 
indispensability  of  constant  vigilance  and  n 
undisputed  importance  of  constantly  werhu* 
under  the  assumption  that  if  something  £•*  I0 
wrong,  it  wilt  and  at  the  mint  Inauap**** * 
unguarded  moment 
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A  66-year-old  patient  enters  the  hospital  with  congestive  heart 
failure  secondary  to  an  acute  anterolateral  myocardial  infarction. 

At  cardiac  catheterization,  the  left  ventricular  end-diastolic  pres¬ 
sure  is  25  mm  Hg.  There  is  akinesis  of  the  anterolateral  and  api¬ 
cal  segments  of  the  left  ventricle,  total  obstruction  of  the  left 
anterior  descending  coronary  artery  beyond  a  large  septal  perfo¬ 
rator,  total  obstruction  of  the  circumflex  coronary  artery,  an  ul¬ 
cerated  plaque  in  the  right  coronary  artery  proximal  to  the  right 
ventricular  marginal  branch,  and  total  obstruction  of  the  distal 
right  coronary  artery  with  left-to-right  collateralization  of  the  dis¬ 
tal  right  coronary  branches  from  the  first  diagonal. 

At  surgery,  a  left  radial  arterial  line  is  inserted  and  a  Swan- 
Ganz  pulmonary  artery  catheter  advanced  to  the  wedge  position 
through  the  right  internal  jugular  vein.  Upon  opening  the  peri¬ 
cardium,  you  observe  anterolateral  and  apical  akinesis  but  no 
evidence  of  transmural  myocardial  infarction.  You  graft  the  left 
anterior  descending  with  the  left  internal  thoracic  artery,  graft 
the  right  ventricular  marginal  with  the  right  internal  thoracic 
artery,  and  use  vein  grafts  for  the  circumflex  marginal,  right 
posterior  descending,  and  right  posterolateral  coronary  arteries. 
After  rewarming,  de-airing,  and  termination  of  cardiopulmonary 
bypass,  the  cardiac  output  remains  low  in  the  presence  of  high 
filling  pressures.  Despite  institution  of  pharmacologic  circulatory 
support,  hypocontractility  of  not  only  the  anterolateral  segments  of 
the  left  ventricle  but  also  of  the  right  ventricular  free  wall  persists, 
and  you  decide  to  employ  intra-aortic  balloon  counterpulsation. 

You  place  the  balloon  on  the  chest  wall  and  measure  off  a 
length  extending  from  the  femoral  insertion  site  to  2  cm  below 
the  supra  sternal  notch.  This  ensures  that  the  balloon  will  not  im¬ 
pinge  upon  the  orifice  of  the  left  subclavian  artery  and  possibly 
interfere  with  measurement  of  the  radial  artery  pressure.  Using 
the  percutaneous  technique,  you  advance  a  9.5  Fr.  intra-aortic 
balloon  through  a  long  sheath  into  the  descending  thoracic  aorta. 
You  withdraw  the  sheath  far  enough  to  clear  the  balloon,  inflate 
the  balloon  with  a  syringe  to  ensure  that  it  has  unfurled,  and 
connect  it  to  the  console.  To  your  surprise,  despite  apparently 
formal  function  of  the  console,  you  do  not  see  diastolic  augmen¬ 
tation  in  the  arterial  pressure  trace.  You  must  solve  this  problem 
ei°re  the  patient  deteriorates  any  further. 
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ered  to  the  balloon  with  each  cycle.  There  are  likely  candidates  for  balloon  counterpulsafon 
no  kinks  in  the  lines.  As  the  patient  continues  should  have  the  initial  monitoring  of  theirsys- 
to  deteriorate,  you  palpate  the  ascending  aorta  temic  blood  pressure  through  a  femoral  arte- 
once  again  and  confirm  the  absence  of  dias-  rial  line  rather  than  a  radial  artery  line  in  order 
tolic  augmentation  in  the  presence  of  appar-  to  establish  femoral  arterial  access  under  con- 
ently  normal  console  function.  trolled  circumstances. 

In  mounting  frustration,  you  happen  to  no¬ 
tice  the  reflection  of  the  operating  room  lights  REFERENCES 
on  the  surface  of  the  right  atrium  and  that  the 

atrium  appears  to  have  extra  activity  not  re-  1.  Richenbacher  WE,  Pierce  WS:  Management  of 
fleeted  in  the  electrocardiogram.  In  disbelief,  complications  of  intraaortic  balloon  counter- 

you  put  your  hand  on  the  atrium  and  palpate  pulsation  in  Waldhausen  JA,  Omnger  MB,  eds.; 

a  throbbing  mass!  Knowing  now  that  the  bal-  Complications  in  Cardiothoracic  Surgery,  St  touis, 


loon  had  entered  the  femoral  vein  and  found 
its  way  to  the  right  atrium,  it  is  a  simple  matter 
to  enter  the  femoral  artery  and  redirect  the  bal¬ 
loon  to  its  proper  position  in  the  proximal  de¬ 
scending  thoracic  aorta  whereupon  you 
observe  perfect  augmentation.  The  patient 
makes  an  uneventful  recovery. 


MO:  Mosby  Year  Book,  1991,  pages  97-102. 


2.  Summers  D,  Kaplitt  M,  Norris  J,  Rubin  R,  Nacht 
R,  Arieff  A,  Lee  ME,  Wechsler  B,  Sawyer  PN: 
Intra-aortic  balloon  pumping:  hemodynamic 
and  metabolic  effects  during  cardiogenic  shock 
in  patients  with  triple-coronary  artery  obstruc¬ 
tive  disease.  Arch  Surg  1969:99:733— 738. 


66 


21 


A  40-year-old  patient  underwent  resection  of  a  fibrosarcoma  of 
the  left  forearm.  Two  years  later,  he  requires  a  right  pneumo¬ 
nectomy  for  metastatic  disease.  Six  days  prior  to  the  present  ad¬ 
mission  the  patient  experiences  inspiratory  and  expiratory 
dyspnea,  especially  worse  when  he  lay  on  his  back.  On  physical 
examination  there  is  marked  stridor.  Roentgenographic  exami¬ 
nation  of  the  airway  reveals  a  large  pedunculated  mass  attached 
to  the  anterior  wall  of  the  distal  trachea.  Flexible  fiberoptic 
bronchoscopy  is  performed  using  topical  anesthesia.  This  dem¬ 
onstrates  a  large  mass  that  almost  completely  obstructs  the  left 
main-stem  bronchus.  During  this  evaluation,  the  patient  be¬ 
comes  acutely  dyspneic  and  cyanotic.  Rapid  endotracheal 
intubation  is  performed,  which  provides  some  degree  of  ventila¬ 
tion  but  with  extremely  high  airway  pressure.  You  are  asked  to 
consult  on  an  emergency  basis. 


SOLUTION 

You  had  actually  been  aware  of  this  case  prior 
to  the  time  bronchoscopy  was  pe. rfbtmed  ^  You 
quickly  expose  the  common  femoral  artery 
and  vein,  cannulate  them,  and  place  the  pa- 
Hent  on  cardiopulmonary  bypass.  You  achieve 
excellent  oxygenation  with  flows  between  2.5 
and  3.0  L/min.  Once  this  degree  of  stability 
has  been  achieved,  laser  ablation  of  the  tumor 
proceeds  uneventfully. 


DISCUSSION 


Management  of  the  acute  airway  obstructioi 
in  this  patient  was  facilitated  by  you 
preoperative  awareness  of  a  specific  lesioi 
and  availability  of  the  cardiac  surgical  team  oi 
a  standby  basis.  With  a  ball-valve  type  of  le 
sion  obstructing  ventilation  to  the  only  re 
maining  lung,  cardiopulmonary  bypass  wa! 
the  only  means  of  ventilating  and  resuscitat 
ing  this  patient. 

Functional  or  anatomic  airway  obstructior 
may  occur  at  any  time  in  the  perioperative  pe¬ 
riod  and  at  any  anatomic  level  of  the  respira¬ 
tory  tract.  Among  the  numerous  etiologies  art 
contact  of  the  base  of  the  tongue  with  the  pos¬ 
terior  oropharynx,  laryngospasm,  anatomic 
abnormalities  of  the  upper  airway,  inflamma¬ 
tory  or  neoplastic  lesions  of  the  retropharynx 
or  airway  structures  themselves,  traumatic 
disruption  of  the  airway,  foreign  bodies, 
chronic  obstructive  pulmonary  disease,  diffu¬ 
sion  abnormalities  of  the  lung,  tension 

pneumothorax,  flail  chest,  and  restrictive  chest 
wall  disease. 

It  is  critical  to  recall  that  even  with  assured 
p  acement  of  an  endotracheal  tube  in  the  tra- 
chea,  as  documented  by  visualization  of  its 

the  V0CaI  COrds'  th»>  obstruc- 
tion  of  the  tube  may  occur  by  displacement. 


kinking,  or  obstruction  by  secret 
cently,  a  manufacturing  defect  in  V 
men  endotracheal  tube  was  des 
which  a  semicircular  protrusion  0f  1?  ^  il> 
nificantly  obstructed  one  of  the  lumen^C  S‘8' 
discovered  with  a  fiberoptic  bronch  tWas 
used  to  confirm  the  position  of  the  tube08?* 
was  quickly  changed.  ' 

The  treatment  of  airway  obstruction 
pends  upon  the  cause.  In  general,  muscle/ 
laxants  are  not  given  unless  ventilation  h 
mask  is  possible.  Mask  ventilation  may  be  i\ 
lowed  by  attempts  at  intubation  using  a  con! 
ventional  laryngoscope,  nasal  intubation 
flexible  fiberoptic-assisted  intubation! 
intubation  over  a  guide  wire  passed  proxi- 
mally  into  the  oropharynx  through  a  Tuohy 
needle  inserted  through  the  cricothyroid 
membrane,  tracheostomy,  and  less  commonly 
employed  techniques  such  as  veno-venous 
extracorporeal  membrane  oxygenation,  or  car¬ 
diopulmonary  bypass  using  rapid  percutane¬ 
ous  cannula  tion  techniques. 
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Lagrtiappe 


A  65-year-old  patient  with  severe  calcific  aortic  stenosis  under¬ 
goes  a  smooth  induction  and  endotracheal  intubation  in  prepara¬ 
tion  for  aortic  valve  replacement.  Shortly  after  intubation,  there  is 
high  airway  pressure  associated  with  diminished  chest  wall  ex¬ 
clusions,  distant  breath  sounds,  and  progressive  cyanosis.  There 
is  no  question  that  the  tube  is  in  the  trachea  and  there  are  no  per¬ 
ceived  abnormalities  of  the  anesthesia  circuit.  You  and  your  anes¬ 
thesiologist  quickly  concur  that  the  tube  must  be  pulled  and  stare 
in  disbelief  at  the  tooth,  one  of  the  patient's  upper  incisors, 
caught  in  the  Murphy  side  hole  of  the  endotracheal  tube,  virtu- 
ally  obstructing  the  airway!  After  a  brief  period  of  ventilation  by 
mask,  reintubation  is  performed  and  you  complete  the  remain- 
der  of  the  procedure  uneventfully. 
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A  60-year-old  patient  with  progressive  angina  is  found  to  have 
triple  vessel  disease  in  need  of  coronary  artery  bypass  grafting. 

In  the  operating  room,  the  patient  maintains  normal  hemody¬ 
namics  during  a  smooth  anesthetic  induction,  endotracheal 
intubation,  prepping,  draping,  and  sternotomy.  You  perform 
routine  cannulations  of  the  ascending  aorta,  insert  a  two-stage 
venous  drainage  cannula  into  the  right  atrium  and  the  inferior 
vena  cava,  and  a  catheter  into  the  ascending  aorta  to  serve  as  an 
aortic  root  vent  and  as  a  conduit  for  the  antegrade  administration 
of  cardioplegia.  You  begin  cardiopulmonary  bypass  and  prepare 
to  put  the  finishing  touches  on  the  internal  thoracic  artery  pedicle 
while  waiting  for  core  cooling  and  application  of  the  aortic 
crossclamp.  The  anesthesiologist  has  just  started  playing  the 
overture  to  "Swan  Lake"  and  you  are  settling  down  for  what 
should  be  a  pleasant  few  hours  when  your  perfusionist  intrudes 
upon  this  idyll  saying  that  he  can't  maintain  a  mean  pressure 
over  30  mm  Hg  and  that  during  these  few  horrifying  seconds  his 
oxygenator  has  filled  and  is  quickly  overflowing  into  the 
cardiotomy  reservoir. 
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SOLUTION 


Sm«  the  hear,  is em|*y,  you  know 
not  be  a  problem  with  impaired  venous  re- 
turu.  The  ascending  aorta  appears  "0^ 
and  you  cannot  palpate  anything  that  feels 
like  a  dissected  aorta  through  the  posterior 
pericardium.  As  you  turn  around  to  look  at 
the  amazing  sight  in  the  oxygenator,  the 
perfusionist  spots  the  problem:  You  have  ne¬ 
glected  to  clamp  the  recirculation  shunt  be¬ 
tween  the  arterial  and  venous  lines.  You 
quickly  grab  a  tubing  clamp,  apply  it  to  the 
line,  grateful  to  see  the  perfusion  pressure  rise 
and  the  level  in  the  oxygenator  fall  as  the  cur- 
lain  rises  on  act  one  of  "Swan  Lake.  At  this 


point,  you  feel  like  an  unwelcomed  guest  at 
Siegfried's  birthday  party,  though  the  remain¬ 
der  of  your  case  proceeds  as  you  had  origi¬ 
nally  intended. 


DISCUSSION 

If  one  accepts  the  premise  that  human  error  is 
responsible  for  most  complications  relating  to 
cardiopulmonary  bypass  rather  than  equip¬ 
ment  malfunction,  then  it  becomes  apparent 
that  consistently  excellent  results  derive  from 
rigid  adherence  to  a  single  standard  protocol 
for  all  open  heart  procedures  performed  at  a 
single  institution.  This  means  that  all  members 
of  the  heart  team  function  in  concert,  using 
similar  approaches  to  monitoring,  techniques 
of  anesthesia,  instrument  trays,  and  perfusion 
set-up.  It  also  means  that  patterns  of  interac¬ 
tion  among  anesthesiologist,  surgeon, 
perfusionist,  and  nurses  remain  constant  and 
predictable  from  case  to  case.  The  administra¬ 
tion  of  anesthetic  agents  and  vasoactive  drugs 
during  bypass  must  be  shared  between  the  an¬ 
esthesiologist  and  the  perfusionist.  The  anes¬ 
thesiologist  must  know  to  lower  the  blood 
pressure  before  aortic  cannulation  and  pre¬ 
pare  to  elevate  it  in  anticipation  of  the  bleed 
back.  The  perfusionist  must  lower  the  perfu¬ 


sion  pressure  in  anticipation  0f 
crossclamping  and  declamping.  The^ 
nurse  should  know  enough  of  every"  Crub 
dure  in  order  to  anticipate  the  next  st  ^ 
thereby  maintain  the  smooth  rhythm  a  ^ 
by  the  swift,  silent  passage  of  instrument 
from  one  hand  to  the  other.  n  s 

Each  specialist  within  the  team  must  f0u0 
a  mental  or  written  checklist  to  be  sure  noth 
ing  is  forgotten  or  done  out  of  sequence  the 
anesthesiologist  and  the  preoperative  check  of 
his  machine  and  preparation  of  drugs,  the 
perfusionist  and  his  setting  up  of  the  pump, 
oxygenator.  If  heparin  is  given  by  the  anesthe¬ 
siologist,  the  surgeon  should  request  it  at  the 
appropriate  time.  If  the  surgeon  forgets  to  ask 
for  it,  the  anesthesiologist  must  remind  the 
surgeon  and  then  acknowledge  it  has  been 
given.  The  perfusionist  must  not  allow  bypass 
to  begin  until  he  has  documented  that  ad¬ 
equate  anticoagulation  exists.  The  surgeon 
must  request  that  the  perfusionist  check  the 
direction  of  flow  in  the  arterial  line  by  circulat¬ 
ing  the  pump  prime  through  the  recirculation 
shunt.  He  must  observe  that  all  suction  lines 


are  aspirating  rather  than  pumping  air.  The 
surgeon  announces  the  beginning  of  cardio¬ 
pulmonary  bypass.  The  perfusionist  must  vi¬ 
sually  confirm  that  the  arterial  and  venous 
lines  have  been  undamped  and  the  recircula¬ 
tion  shunt  clamped.  The  importance  of  each 
discipline  having  a  basic  awareness  of  what 
should  be  happening  at  a  given  time  and  be¬ 
ing  willing  to  communicate  any  irregulanty  in 
the  sequence  of  events  constitutes  a  system  o 
checks  and  balances  that  is  the  essence  o 
teamwork  and  the  key  to  minimal  morbi  rty 
and  mortality. 
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You  have  been  asked  to  operate  on  a  72-year-old  patient  with 
congestive  heart  failure,  ascites,  renal  insufficiency,  and  chronic 
intermittent  gastrointestinal  bleeding.  The  patient  had  undergone 
coronary  artery  bypass  grafting  13  years  previously.  Doppler 
echocardiography  reveals  florid  mitral  and  tricuspid  insuffi- 
ciency.  Cardiac  catheterization  reveals  total  obstruction  of  the  left 
anterior  descending,  circumflex,  and  right  coronary  arteries  with 
a  70%  narrowing  in  the  left  anterior  descending  graft,  a  patent 
circumflex  graft  but  with  a  proximal  AV  circumflex  lesion  jeopar¬ 
dizing  the  distal  circumflex  branches,  and  closure  of  the  graft  to 
the  right  coronary  artery. 

Except  for  some  postoperative  oozing,  which  you  attribute  to 
chronic  passive  congestion  of  the  liver  and  a  low  preoperative 
platelet  count,  the  procedure  is  uneventful.  You  bypass  the  left 
anterior  descending  artery  and  a  distal  circumflex  coronary  artery, 
replace  the  mitral  valve  with  a  porcine  bioprosthesis,  and  perform 
a  tricuspid  annuloplasty  with  a  Carpentier  annuloplasty  ring. 

Postoperatively,  you  cannot  understand  why  the  patient  re¬ 
mains  hypotensive,  with  a  blood  pressure  in  the  90/60  range;  a 
heart  rate  between  60  and  70;  filling  pressures  of  10  and  45/18 
mm  Hg  in  the  right  atrium  and  pulmonary  artery,  respectively;  a 
cardiac  index  of  3.5  L/min/ m2;  and  a  systemic  vascular  resis¬ 
tance  of  665  dyne /sec /cm5.  He  requires  a  combination  of 
dopamine  and  norepinephrine  bitartate  (Levophed)  and 
phentolamine  mesylate  (Regitine)  for  circulatory  support.  A 
technetium =99m  wall  motion  study  reveals  a  left  ventricular  ejec¬ 
tion  fraction  of  35%  with  a  hypokinetic  right  ventricle  and  no 
pericardial  effusion.  Although  you  extubate  the  patient  on  the 
fourth  postoperative  day,  he  remains  somnolent,  lethargic,  and 
confused. 

With  his  persistently  low  perfusion  pressure,  the  patient' s 
uremia  worsens,  and  he  requires  hemodialysis.  This  is  performed 
with  difficulty,  and  the  patient  becomes  truly  dopamine-depen¬ 
dent  after  the  first  dialysis  on  the  15th  postoperative  day,  despite 
significant  elevation  of  the  filling  pressures.  The  cardiac  index 
remains  elevated  at  3.2  L/min/m2  and  the  systemic  vascular  re¬ 
sistance  at  628.  The  patient  remains  hypotensive,  confused,  and 
motrope-dependent.  You  are  missing  something,  but  you  don  t 
kno*  what  it  is. 
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SOLUTION 

The  relative  chrenictty  of  this  patient  >  ht  mo 
dynamic  instability  in  tho  presence  of  ade¬ 
quate  cardiac  function  is  purrling.  M  1M  ’* ' 
has  no  evidence  of  transfusion  ivad.on  sepsis 
anemia,  hypovolemia,  or  acidosis.  A  serum 
cortisol  level  is  30  mcg/dL  You  did  notice  a 
lidocaine  level  of  5.7  mcg/rnl  on  the  8th  post 
operative  day  but  the  symptoms  persist  long 
after  vou  stop  the  drug. 

Searching  for  clues,  vou  review  the  original 
history  and  discover  that,  in  the  past,  the  pa 
tient  had  taken  levothyroxine.  Could  he  pos- 
siblv  be  hypothyroid?  On  the  l  nth  post-opera  - 
tive  day,  you  arbitrarily  start  the  patient  on  in 
travenous  levothyroxine,  50  meg  daily,  after 
obtaining  a  thyroid  panel  that  returns  the  fol 
lowing  levels:  T,:  29%  (normal  25%  to  35%);  T4 
2.6  mcg/dL  (normal  5  to  13  mcg/dL);  ad¬ 
justed  T4  2.5  meg/dL  (normal  5  to  13  meg/ 
dL);  thyroid-stimulating  hormone  (TSH)  19.4 
mcU/mL  (normal  0  to  3.5  mcU/mL). 

The  next  day,  the  patient's  sensorium  is 
markedly  improved.  Two  days  later,  the  pa¬ 
tient  is  oriented,  responsive,  recognizes  his 
physician  by  name,  and  is  looking  for  his 
bridge  partners.  He  is  virtually  oft  dopamine 
with  a  sustained  blood  pressure  of  1 10/60  nun 
Hg  and  a  pulse  of  91 .  After  two  more  days,  he 
maintains  a  blood  pressure  of  125/74  mm  Hg 
and  has  a  voracious  appetite. 

DISCUSSION 

Hypothyroidism  results  in  decreased  myocar- 
diai  contractility  and  stroke  volume,  caused 
by  alterations  in  the  sarcoplasmic  reticulum 
depression  of  myosin  ATPase  activity,  and 
myxedematous  myocardial  infiltrates  with 
diffuse  interstitial  vacuolations  containing 
mucopolysaccharides  and  proteinaceous  de 
posits.  Associated  brndycaixiia  results  in  de¬ 
creased  cardiac  output,  increased  systemic 
vascular  resistance  ,  a  three-fold  increase  in 
plasma  catecholamines  compared  to  euthv 
rend  individuals,  and  a  decreased  blood  and 
plasma  volume. 

This  patient's  laboratory  profile  Suggested 
severe  hypothyroidism,  and  he  had 
levothyroxine  in  the  past.  He  evinced  W 
matic  clinical  improvement  within  3 
beginning  levothyroxine  therapy;  howoT, 
cause-effect  relationship  with  tL  t^tmem 


cannot  lx*  proved  I  imh, H 
complicated  the  clinical  preaenutt,,,','  1*""" 
ample,  this  patient  had  a  low  °r  ** 

ivsislaiuv  pattnit  luil  | 

which  is  known  to  depress  niV!, 
contractility!  and  to  lower  the  ayah-mu^*'** 
lai  resistance  However,  his  j>rak  lidm^T** 
level  was  only  5.7  nug/ml  (therapeutic m2! 
5  to  10  meg /ml.),  and  the  |Mttent  showed 
Improwment  tor  nine  day*  after  stopple  2 
drug.  Also,  the  patient  was  uremic  and  had 
been  started  on  dialysis  2  days  before  n\v|v< 
ing  levothyroxine  but  remained  with  s  low 
systemic  vascular  resistance  and  hypotension 
despite  the  subsequent  measurement  of  high 
filling  pressures,  Although  the  white  blood 
cell  count  rose  from  1 1  .(XX)  hi  I  9,(XX)  at  the  time 
levothyroxine  was  begun,  there  was  no  fever, 
bandemia,  or  positive  cultures  to  suggest  oc¬ 
cult  sepsis  as  a  cause  of  the  low  systemic  van 
cular  resistance.  Prolonged  support  with 
dopamine  has  been  reported  to  lower  TSH 
levels  and  to  Induce  a  state  of  secondary 
hypothyroidism;  the  TSH  level  may  have  been 
even  higher  In  this  patient  In  the  absence  of 
this  drug. 

This  patient's  apparent  response  to  levo¬ 
thyroxine  was  seemingly  rapid.  The  peak  ef¬ 
fect  of  a  single  does  usually  occurs  In  aout  4 
days.  Thyroid  hormone  has  been  reported  to 
increase  beta  receptors  In  the  myocardium, 
rendering  it  more  responsive  to  Inotropic 
agents,  and  the  experimental  administration 
of  Tj  hi  primates  following  cardiopulmonary 
bypass  has  been  shown  to  increase  m  yocardlal 
adenosine  triphosphate  levels  and  to  decrease 
myocardial  lactate  levels. 

The  patient  expired  4  months  post-opet** 
tively  from  uncontrollable  gastrolr  ‘ 
bleeding.  Post  mortem  examination 
anguxivsplasia  of  the  duodenum,  an 
esophageal  varix,  and  diftuse  mild  « 
cirrhosis  of  the  liver  with  congestive  chaivgr* 
llie  thyroid  gland  weighed  10  g  ami  was  atm- 
phlo  with  colloid  nodule*.  The  adrenal  8Und* 
were  unremarkable 

1  he  dith'rential  diagnosis  ot 
operative  circulatory  instability  must  i- - 
sepsis,  delayed  pericardial  tamp*'*’ 
abnormal  response*  to  aneathettc  age*** 
tlves  and  analge«ica  secondary  to 
hepatic  or  renal  function  amt  endocr 
ders  such  as  hypothyroidism  and 
adrenalism.  The  diagmvm  «>i  I 


S  Virtually  stumbled  upon  in  this  case  by 
Tpping  back  fr°m  its  complexities  for  a  mo¬ 
ment  and  reviewing  the  patient's  history  in 
search  of  contributing  factors  that  might  have 
been  overlooked  in  the  immediate  rush  of 
events.  Whether  or  not  the  diagnosis  of 
hypothyroidism  in  this  patient  had  any 
clinical  relevance,  whether  he  would  have  im¬ 
proved  at  the  time  he  did  without  the  admin¬ 
istration  of  levothyroxine,  are  questions  that 
cannot  be  answered.  The  importance  of  the  di¬ 
agnosis  in  this  case  is  not  that  it  had  any  rel¬ 
evance  to  this  patient's  clinical  course  at  all, 
but  simply  that  it  had  been  considered  and  not 
by  the  patient's  internist  or  cardiologist,  but  by 
a  member  of  the  surgical  team  with  a  general 
awareness  of  broad  categories  of  disease  be¬ 
yond  the  confines  of  his  own  specialty. 
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A  58-year-old  hypertensive  patient  with  a  history  of  a  right  cere¬ 
bral  hemispheric  infarction  7  weeks  previously  complains  of  fre¬ 
quent  episodes  of  chest  pressure  at  rest,  which  are  associated 
with  shortness  of  breath.  He  is  known  to  have  had  a  myocardial 
infarction  2  years  previously  and  has  a  serum  cholesterol  of  308 
ng/dL.  A  dipyridamole  thallium  study  reveals  a  small  antero- 
apical  infarction  and  septal  ischemia,  with  fixed  hypoperfusion 
of  the  inferior  wall.  Cardiac  catheterization  reveals  left  ventricu¬ 
lar  apical  dyskinesis  with  a  left  ventricular  end-diastolic  pressure 
of  12  mm  Hg,  a  90%  to  95%  proximal  lesion  in  the  left  anterior 
descending  coronary  artery,  a  web  at  the  origin  of  the  diagonal, 
and  a  75%  circumflex  lesion.  A  preoperative  duplex  scan  of  the 
carotid  arteries  is  unremarkable.  With  the  blessings  of  the 
patient's  neurologist,  you  decide  to  perform  urgent  coronary  ar¬ 
tery  bypass  grafting. 

The  initial  hemodynamics  reveal  systemic,  right  atrial,  pulmo¬ 
nary  arterial,  and  pulmonary  capillary  wedge  pressures  of  132/ 
78, 12, 27/18,  and  13  mm  Hg,  respectively,  with  a  cardiac  index 
of  2.6  L/min/m2,  a  systemic  vascular  resistance  of  1503  dyne/ 
sec / cm5,  and  a  pulmonary  vascular  resistance  of  143  dyne/sec/ 
cm  5.  Following  the  induction  of  anesthesia  and  during 
cannula tion,  the  pulmonary  artery  pressure  fluctuates  between 
26  and  70  mm  Hg  systolic,  suggestive  of  repeated  ischemic  epi¬ 
sodes.  You  abandon  your  idea  to  use  the  internal  thoracic  artery 
as  a  conduit,  cannulate,  and  construct  vein  grafts  to  the  left  ante¬ 
rior  descending,  diagonal,  and  circumflex  coronary  arteries  with 
out  incident.  When  you  separate  the  patient  from 
cardiopulmonary  bypass,  you  observe  excellent  biventricular 
contractility.  You  also  observe  the  pulmonary  artery  pressure  to  ^ 
^  90/56  mm  Hg,  and  the  systemic  pressure  only  75/55  mm  g. 
^our  fingers  confirm  by  palpation  that  the  pulmonary  artery 
Pressure  is  really  elevated.  As  you  resume  cardiopulmonary  by- 
Pass,  you  rack  your  brain  for  a  solution. 


77 


SOLUTION 

Convinced  that  the  num^s^c“jmt 
the  patient  has  acute  sup  ^  ^  ^ 

tzsxsxxsgx 

ever,  you  notice  that  the  proximal  third  of  the 
left  anterior  descending  graft  has  gone  in 
spasm  with  no  palpable  pulse  distally,  sug¬ 
gesting  that  left  ventricular  ischemia  may  be 
the  cause  of  the  pulmonary  hypertension.  You 
strip  the  adventitia  of  the  vein  graft,  apply 
topical  papaverine,  relieve  the  spasm,  and  re¬ 
store  pulsatile  flow  to  the  distal  portion  of  the 
graft.  Despite  what  appears  to  be  good  left 
ventricular  contractility,  you  postulate  re¬ 
sidual  subendocardial  ischemia  and  insert  an 
intra-aortic  balloon.  After  this,  the  pulmonary 
artery  pressure  rises  even  higher,  to  110  mm 
Hg.  There  is  no  transmission  of  the  balloon 
pressure  wave  to  the  pulmonary  artery  trac¬ 
ing,  precluding  the  presence  of  a  patent  duc¬ 
tus  arteriosus.  There  is  no  thrill  in  the 
pulmonary  outflow  tract  or  anywhere  in  the 
left  atrium,  and  an  emergency  Doppler 
echocardiogram  confirms  the  absence  of  a 
ventricular  septal  defect,  mitral  insufficiency 
or  stenosis,  or  a  centrally  located  pulmonary 
embolus.  The  arterial  p02  is  563  mm  Hg  and  a 
simultaneous  mixed  venous  02  is  39  mm  Hg. 

Having  eliminated  any  mechanical  abnor¬ 
malities,  you  wonder  whether  the  patient  had 
a  drug  or  transfusion  reaction.  The  patient  had 
been  on  cefotaxime  preoperatively  because  of 
a  prior  urinary  tract  infection  without  any 
clinical  or  laboratory  evidence  of  an  allergic 
reaction.  He  had  not  yet  received  protamine 
sulfate,  eliminating  the  possibility  of  a  pulmo¬ 
nary  hypertensive  reaction  to  that  drug.  He 
had  received  2  units  of  packed  red  cells  during 
bypass.  Could  he  have  had  a  transfusion  reac¬ 
tion?  You  request  the  anesthesiologist  to  ad¬ 
minister  a  gram  of  methylprednisolone,  50  mg 
of  diphenhydramine  hydrochloride,  and  50 
mg  of  ranitidine  hydrochloride.  Over  the  next 
hour  you  observe  a  gradual  equalization  of  the 
pulmonary  arterial  and  systemic  pressures.  By 
the  time  you  leave  the  operating  room,  the 
pulmonary  artery  pressure  is  47/21  mm  Hg 
and  the  systemic  pressure  is  115  nun  Hg,  aug¬ 
mented.  ° 


DISCUSSION 

Before  arriving  at  the  therapeutic  So 
this  case,  initial  diagnostic  efforts 

rected  at  ruling  out  not  only  other 

mon  mechanical  causes  of  acute 


:i°n  in 


more 
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mcrea: 


pulmonary  hypertension  such  as 
pulmonary  blood  flow  resulting  fr0rn  a 
right  shunt  (ventricular  septal  defect)  J? to 
duction  in  cross-sectional  area  of  the  pi  ^ 
nary  bed  (massive  pulmonary  embolus)^ 
addressed,  too,  causes  of  an  acute  rise  in 
posfcapillary,  or  pulmonary  venous,  bed  such 
as  acute  mitral  insufficiency  or  ongoing  u 
ventricular  ischemia.  Neither  of  these  seemed 
probable  because  of  low  left  atrial  pressure 
and  what  appeared  to  be  excellent  ventricular 
contractility,  despite  the  distracting  presence 
of  transient  spasm  of  the  graft  to  the  left  ante¬ 
rior  descending  coronary  artery. 

This  patient  experienced  pulmonary  hyper¬ 
tension,  which  in  all  likelihood  involved  an 
acute  vasoconstrictive  process,  probably  at  the 


precapillary  level,  for  which  no  specific  etiol¬ 
ogy  could  be  identified.  Studies  for  a  reaction 
to  infused  blood  were  negative.  The  absence  of 
eosinophilia  suggested  that  an  allergic  drug 
response  was  unlikely.  Although  metabolic 
acidosis  can  cause  pulmonary  vasoconstric¬ 
tion,  it  was  not  a  factor  in  this  case.  Comple¬ 
ment-activated  leukocytes  sequestered  in  the 
pulmonary  vasculature  produce  cytotoxic 
oxygen  free  radicals  that  can  destroy  vascular 
endothelium  and  pneumonocytes,  resulting  in 
an  adult  respiratory  distress  syndrome.  Be¬ 
cause  the  patient  was  never  hypoxemic,  how¬ 
ever,  sequestration  of  leukocytes  or  platelets 
in  the  pulmonary  capillary  bed  during  car¬ 
diopulmonary  bypass  was  unlikely. 

Acute  postoperative  pulmonary  hypert*-11 
sion  following  cardiac  surgery  in  infants  35 
been  treated  with  intravenous  fentanyl 
taglandins,  proscoline,  and,  more  recent y 
nifedipine,  although  its  effectiveness  as  a  se  ^ 
five  pulmonary  dilator  is  not  clear. 
odepletion  with  special  filters  on  the  a 
and  venous  sides  of  the  bypass  circUjwor. 
pharmacologic  prevention  of  free ra^*  ,  cai5, 
mation,  and  the  scavenging  of  free ra 
should  provide  additional  means  of  pr° 
the  pulmonary  vascular  bed  from  acute 

The  working  diagnosis  was  one  of  e*Cgtofy; 
based  on  a  review  of  the  patient  s  1 
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operative  physical  examination,  which  by 
Nation  confirmed  the  correctness  of  the 
PlLired  pulmonary  artery  pressure  and 
documented  the  absence  of  thrills  in  the  pul- 
onary  outflow  tract  and  left  atrium;  and  the 
interpretation  of  laboratory  and  echocardio- 
Lphic  data  that  confirmed  the  clinical  im¬ 
pressions-  That  the  diagnosis  upon  which  the 

treatment  was  based  emanated  from  the  surgi¬ 
cal  team  illustrates  the  importance  of  looking 
bevond  one's  own  frame  of  reference,  with  a 
general  awareness  of  nonsurgical  categories  of 
disease  that  have  nonsurgical  solutions. 
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A  75-year-old  patient  has  been  evaluated  by  his  cardiologist  be¬ 
cause  of  the  recent  onset  of  exertional  chest  discomfort.  Although 
the  symptoms  are  mild,  the  patient  undergoes  a  treadmill  test, 
which  not  only  reproduces  his  symptoms  at  a  low  level  of  activity 
but  is  associated  with  hypotension,  4  mm  precordial  ST  segment 
depression  with  a  prolonged  recovery  phase,  and  frequent  pre¬ 
mature  ventricular  contractions.  At  cardiac  catheterization,  there 
is  good  left  ventricular  contractility  with  an  ejection  fraction  of 
55%  There  is  a  subtotal  obstruction  of  the  left  main  coronary  ar¬ 
tery  and  total  obstruction  of  the  right  coronary  artery  that  fills 
distally  through  left-to-right  transseptal  collaterals. 

The  patient  has  had  no  major  prior  illnesses,  takes  no  medica¬ 
tions,  and  has  no  allergies.  Your  preoperative  evaluation  includes 
a  duplex  scan  of  the  carotid  arteries,  which  reveals  mild  plaquing 
with  no  flow  disturbances  in  the  internal  carotid  arteries,  and  a 
scan  of  the  saphenous  veins  reveals  them  to  be  patent  and  of  a 
diameter  suitable  for  use  as  conduits. 

At  surgery,  you  perform  the  routine  cannula tions,  which  in¬ 
clude  a  right  atrial  cannula  for  the  administration  of  retrograde 
cardioplegia.  You  begin  cardiopulmonary  bypass  and  place  vein 
grafts  to  the  circumflex  and  right  coronary  arteries,  then  graft  the 
left  internal  thoracic  artery  to  the  midportion  of  the  left  anterior 
descending  coronary  artery.  Separation  from  bypass  is  unevent¬ 
ful  and  the  grafts  lay  perfectly.  You  place  right  atrial  and  right 
ventricular  pacing  wires,  and  leave  chest  drainage  tubes  in  the 
left  pleural  space,  the  anterior  mediastinum,  and  the  posterior 


pericardium. 

Once  in  the  intensive  care  unit,  the  patient  has  normal  hem  y 
namics  and  blood  gases,  with  virtually  no  drainage  from  the 
chest  tubes.  You  feel  virtually  blessed  that  this  patient  has  done 
so  well  because  6  months  ago  you  captured  two  press  row  tickets 
m  the  center  of  the  orchestra  section  for  tonight's  performance  of 
Phantom  of  the  Opera,"  a  phenomenon  that  has  always  been^ 
sold  out  a  year  in  advance,  and  you  will  not  be  denied  what,  a  er 
today,  you  believe  to  be  your  just  reward. 

The  auctioneer  has  just  illuminated  the  restored  chandelier 
fr°m  the  old  Paris  Opera  House.  There  is  an  enormous  flash  as 
h  ^k^sshno  tones  of  the  overture  reverberate  through  your 
y  Riveted  to  your  seat,  you  gaze  in  astonishment  as  the  c  an 
r*ses  swinging  and  glittering  from  the  stage,  suspen  / 
aymg  for  a  moment  a  few  feet  above  the  floor  before  lurching 
0Ver  the  audience.  Surely  this  chandelier  is  going  to  land  in 
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luirU  the  mA*Alvr  •*  fn»m 1  hAlumrau •  "I UnMbtl  unfold* 
fUnkuy*  the  .u#e  with  two  mA**lve  IfcMW  tdnU  40  lert  high 
CAifctfti  K«*  tvgMn  Km  ArU  1**  Kvl  that  Uni  Hny  vtbwtlon 
*1  the  lrv»l  of  oxi?  IHt  Kip  HmI  It  to  n»*  1  >*rlo«»,»  ama  you  trrl  ll  » 
your  twjvr  i*ll  hum  (Kr  mknvUvt  CM»  unit. 

PjHydml  you  dink  out  at  iKr  theater  to  thr  har»h  lumtnr* 
^ of  *  telephone  booth  wherr  you  learn  (K*l  your  patient* 
hhvd  |  iiwin  K*a  Auddanly  crashed  The  nurwa  trll  you  (K*l  thr 
tilling  pmwuie*  K*vr  lw\  low  hie  much  of  thr  event ng  «nd  Out 
thr  patient  ha*  mjutml  nvm>  lh*n  (Kr  uimal  Amount  of  vohimr 
replacement  Then*  ha*  been  only  Insignificant  drainage  from  thr 
chest  tube*.  And  thr  abdomen  1*  not  distended  Thry  trll  you  th*t 
a  repeat  cheat  um>l|WQ|mn  looks  quite  different  tnim  thr  nor- 
m*l  postoperative  film  you  had  seen  a  few  hour*  earlier,  And  thAt 
you  K*d  better  come  In  right  Awsy.  You  dither  hack  to  your  teat, 
clambering  over  h*lf  a  row  of  Annoyed  patron*,  preaa  some  taxi 
money  into  thr  hand  of  your  loving  wvte,  trAmple  thr  patron*  a 
third  time.  And  hr*d  hir  the  hiwpit.il 


SOLUTION 


The  magic  glow  of  the  evening  is  quickly  re- 
ced  by  the  fluorescent  glare  of  a  chest 
roentgenogram  thrust  onto  a  viewbox.  There 
a  white-out  of  the  right  pleural  space.  You 
L  hear  some  air  entry  into  the  right  lung  and 
there  is  no  mediastinal  shift  suggestive  of  vol¬ 
ume  loss.  You  can't  believe  it,  but  there  cer¬ 
tainly  appears  to  be  a  very  large  right  pleural 
effusion.  Confirmatory  evidence  is  provided 
by  the  filling  pressures,  which  are  in  the  2  to  3 
mm  Hg  range,  and  by  the  patient' s  hematocrit, 


which  is  15%. 

At  surgery  the  pericardium  is  dry.  There  is 
not  a  dot  to  be  seen.  All  the  grafts  are  patent. 
You  do  notice  a  little  pool  of  blood  that  keeps 
welling  up  from  underneath  the  lower  aspect 
of  the  right  half  of  the  sternum.  On  closer  in¬ 
spection,  you  see  a  tiny  pumper  in  the  medias¬ 
tinal  fat  ejecting  blood  with  mocking  precision 
directly  into  a  1  cm  hole  in  the  right  mediasti¬ 
nal  pleura.  After  ligating  the  bleeder,  you 
open  the  pleural  space  widely  and  evacuate  a 


lake  of  warm  blood,  with  which  the  Phantom 
could  have  filled  the  lagoon  in  the  bowels  of 
the  Paris  Opera  House  ten  times  over,  into  the 
cell  saver.  You  inspect  the  pleural  space  for 
other  surprises,  such  as  the  tip  of  an  intrave¬ 
nous  catheter,  and  examine  the  visceral  pleura 
for  evidence  of  subpleural  hemorrhage  caused 
by  an  overwedged  Swan-Ganz  pulmonary  ar¬ 
tery  catheter;  finding  neither,  you  place  an  ad¬ 
ditional  chest  tube  in  the  right  pleural  space, 
and  close  the  incision. 


DISCUSSION 

This  case  illustrates  one  of  those  perverse,  in¬ 
furiating,  unpredictable,  unreportable,  anec¬ 
dotal  events  that  can  so  easily  mar  an 
otherwise  uncomplicated  procedure,  not  to 
mention  a  once-in-a-lifetime  evening.  Of 
course,  the  offending  vessel  was  not  bleeding 
at  the  closure  of  the  initial  procedure.  The  hole 
in  the  right  mediastinal  pleura  had  to  have 
been  made  during  the  creation  of  the  T  inci¬ 
sion  in  the  inferior  pericardium  and  was  hid¬ 
den  by  the  mediastinal  fat.  It  was  remarkable 
that  the  bleeding  vessel  could  evacuate  itself 
directly  into  this  hole  and  nowhere  else.  It  was 
equally  remarkable,  in  the  sense  of  being  com¬ 
mendable,  that  the  intensive  care  unit  nurses 
had  the  insight  to  order  a  chest  film  to  help 
define  a  puzzling  clinical  situation.  They  had 
expected  to  find  volume  accumulation  in  the 
left  pleural  space,  related  to  the  dissection  of 
the  left  internal  thoracic  artery,  with  the  as¬ 
sumption  that  the  left  pleural  tube  had  clotted, 
preventing  its  evacuation.  This  is  a  prime  ex¬ 
ample  of  the  teamwork  that  is  necessary  for 
superior  results.  This  case  also  illustrates  the 
necessity  for  prompt  action  based  upon  the  in¬ 
formation  at  hand,  incomplete  and  incompre¬ 
hensible  though  it  may  be,  rather  than 
hesitation  based  on  denials  that,  because  you 
cannot  come  up  with  an  immediate  explana¬ 
tion,  it  just  cannot  be. 
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A  45-year-old  patient  with  angina  has  just  undergone  cardiac 
catheterization.  There  is  normal  left  ventricular  function,  a  subtotal 
obstruction  in  the  left  anterior  descending  coronary  artery  beyond 
the  first  septal  perforator,  with  trivial  lesions  in  the  circumflex  and 
right  coronary  arteries.  Several  days  later,  the  patient's  cardiologist 
shows  you  the  angiogram  and  requests  that  you  and  your  team 
provide  surgical  backup  for  angioplasty  of  the  left  anterior  de¬ 
scending  lesion  whenever  it  is  convenient  for  you  to  do  so.  On  the 
day  agreed  upon  for  the  procedure,  the  patient  arrives  as  an  "a.m. 
admit"  in  the  cardiac  catheterization  laboratory.  You  read  over  the 
patient's  chart,  introduce  yourself  just  before  the  patient  is  to  be 
wheeled  into  the  laboratory,  inquire  about  the  patient' s  medica¬ 
tions  allergies,  and  any  significant  prior  illnesses,  perform  a  brief 
physical  examination  of  the  trunk  and  extremities,  and  then  reas¬ 
sure  her  that  your  team  will  be  standing  by,  in  the  unlikely  event 
that  the  angioplasty  is  unsuccessful,  to  perform  emergency 
revascularization.  , 

The  cardiologists  reconfirm  the  presence  of  the  left  anterior  de- 
sanding  lesion,  insert  the  guiding  catheter  and  guide  wue  and 
prepare  for  the  first  balloon  inflation.  As  they  inflate  the  balloon 
slowly  to  6  atmospheres,  a  messenger  from  the  record  room 
brings  the  patient's  chart  from  her  previous  admission.  As  you 
read  through  it,  you  are  stunned  to  learn  from  the  referring 
internist's  history  that  several  years  previously,  the  patient 
undergone  bilateral  saphenous  vein  strippings  for  vances. 
are  you  going  to  use  as  a  conduit  if  the  patient  becomes  uns 
transformed  from  an  elective  revascularization  into  a  surgica 
emergency? 
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SOLUTION 

The  solution  to  this  case  is  that  it  is  bettor  to  be 
lucky  than  good.  You  grip  the  seat  of  your 
chair,  praying  to  all  the  deities  of  human  skill 
and  technology  that  the  cardiologists  get 
through  this  one  without  a  catastrophe  You 
can't  walk  in  there  and  tell  them  to  stop  since 
they  are  now  well  into  the  second  dilation. 
Your  only  backup  is  the  bailout  catheter  and 
the  intra-aortic  balloon  pump.  Your  institution 
does  not  have  a  percutaneous  cardiopulmo¬ 
nary  support  system.  The  minutes  seem  as 
endless  to  you  as  they  seem  for  the  patient, 
but,  finally,  you  see  the  videotape  and  hear  the 
cardiologists  exclaim  to  the  patient  what  a 
great  result  they  have  obtained.  They  thank 
you  with  a  wave  and  a  wink  through  the  lead- 
impregnated  glass,  and  you  crawl  away,  a 
little  greyer  and  a  little  wiser,  armed  with 
fresh  ammunition  for  the  next  cardiology 
committee  meeting. 


DISCUSSION 

The  absence  of  a  rapidly  available  conduit  un 
der  conditions  of  hemodynamic  instability 
could  have  been  disastrous  for  this  patient 
The  internal  thoracic  artery  is  a  fragile  struc 
ture  and  does  not  lend  itself  kindly  to  rapi< 
separation  from  the  chest  wall.  Small  tears  a 
the  junction  of  its  branches  with  the  main  lu 
men  can  result  in  occlusive  localized  hema 
tomas  or  long  spiraling  dissections  that  will  U 
undetected  because  of  the  fat  covering  th« 
pedjde.  Even  in  the  absence  of  such  potentia 
flow-limiting  injuries,  the  internal  thoracic  ar 
may  not  provide  adequate  flow  in  the  im 
mediate  postoperative  period  to  supporter 
scheme  segment  of  the  failing  ventriefo 
In  a  patient  with  no  greater  sanh 
veins,  pre-Droc«ti.rai  i  6*te  saPhen°us 

dude  an  JSSS  htt*  ^  *" 

conduits  from  al,emaHve  mST'T'"  ° 

cephalic,  basilic,  or  lesser  ^  “  "" 
-  ser  saphenous  veins 


Should  these  comlm,,  not  l„ 
nmgement,  to  ptivum,,,,  '  " '*>"«!,  |, 
ous  vein  allografts  shorn,! 
grafts  must  be  matched  to  the  miT .  S 

type  In  Svante  and  are  staJr^C 

gen  at  -IdtdC  until  thawed  tor  t^ 
of  surgery.  *  the 

The  MMntlal  problem  In  thin  Ctti  ' 
the  surgeon  nn.de.  tK„,p,.lu|  7^  N 
pmvdesurg.dh.c^^c,^ 

plasty  based  solely  upon  the  niijfl2.ra!|!u 
findings,  alter  the  patient  had  been  di.a  Ph  ‘ 
Irom  the  hospital  The  surgeon  neve!  ^2 
opportunity  to  review  the  Internist', 
work-up,  and  the  cardtologiat  and  th,.  „  “ 
neglected  to  mention  the  vein  ,|,J“ 
careful  reexamination  of  the  patient's  low* 
extremities  after  the  angioplasty  revtil«l  the 
.scars  to  be  virtually  invisible,  easily  missed 
during  a  cursory  examination. 

Early  morning  admissions  for  complex  pro- 
cedures  may  bo  effective  for  cost-containment 
purpose's  but  can  be  fraught  with  danger,  In- 
variably,  some  portion  of  the  pre-procedural 
evaluation  fails  to  be  done  in  time.  The  history 
and  physical  may  arrive  late  and  conceal  im¬ 
portant  information  about  the  patient  from 
consultants  whose  first  contact  with  the  pa 
tient  may  have  been  the  morning  of  admit* 
sion.  Laboratory  work,  if  not  done  as  an 
outpatient,  may  be  incomplete  and  unavail’ 
able  at  the  time  of  the  procedure.  If  the  amtf 
thesiologist  has  had  any  contact  with  the 
patient  at  alt  it  may  only  have  been  by  tele¬ 
phone  the  night  before. 

These  considerations  presuppose  that  anv 
patient  that  is  accepted  for  surgical  backup  * 
potentially  a  surgical  patient  and  must  be  pte 
pared  in  a  similar  manner,  If  necessary  tt« 
surgeon  must  create  the  conditions  bv 
he  can  interrogate  and  examine  the 
der  relaxed  conditions  so  that 
be  made  to  deal  with  eontt 
one  described  in  this  case 
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Lagniappe 


You  have  been  asked  to  perform  a  reoperation  for  coronary  ar¬ 
tery  disease.  The  saphenous  vein  has  been  previously  harvested 
from  the  right  lower  extremity  from  the  groin  to  the  ankle.  You 
are  unable  to  assess  the  size  or  patency  of  the  left  saphenous  vein 
from  your  physical  examination  and  order  an  ultrasonic  duplex 
scan  to  provide  this  information.  The  study  demonstrates  the 
vein  to  be  patent  but  with  a  maximum  diameter  of  2  mm  at  the 
upper  thigh  level,  with  a  progressive  diminution  in  size  more 
distally.  The  lesser  saphenous  veins  are  equally  unsatisfactory. 

Your  examination  does  reveal  bilateral  cephalic  veins  of  appro¬ 
priate  quality  and  size.  Knowing  this,  and  with  your  planned  use 
of  the  left  internal  thoracic  artery,  you  are  able  to  decide  in  ad¬ 
vance  of  surgery  which  conduit  you  will  use  for  each  coronary 
artery  bypass  graft. 

The  ultrasonic  scan  provides  accurate  information  about  the 
size  and  patency  of  the  saphenous  veins.  It  is  no  longer  necessary 
to  make  exploratory  incisions  in  the  leg  to  search  for  the  best  vein 
segments.  The  ability  to  know  in  advance  where  the  best  vein 
segments  are  prevents  unnecessary  incisions  in  extremities  that 
frequently  are  served  by  a  severely  compromised  arterial  blood 
supply  and  are  at  great  risk  for  impaired  wound  healing  and  in¬ 
fection,  especially  in  the  elderly  and  in  diabetics;  the  technology 
should  be  employed  routinely  in  all  patients  undergoing  coro- 
nary  artery  bypass  grafting.  Use  of  the  ultrasonic  scan  in  this  case 
enabled  the  harvesting  of  the  arm  veins  first  with  the  arms  con¬ 
veniently  abducted.  Once  these  incisions  were  closed,  the  arms 
Were  replaced  at  the  patient's  side  and  the  patient  prepped  in  the 
usual  manner  for  the  remainder  of  the  procedure. 
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You  have  been  asked  to  evaluate  a  73-year-old  hypertensive  pa 
tient  who  has  been  admitted  to  your  institution  for  evaluation  of 
coronary  artery  disease.  He  enters  the  hospital  with  the  recent 
onset  of  what  appears  to  be  angina  pectoris  and  undergoes  coro¬ 
nary  arteriography,  which  reveals  severe  triple  vessel  coronary 
artery  disease  with  good  left  ventricular  function.  There  have 
been  no  electrocardiographic  changes  or  any  rise  in  the  cardiac 
enzymes.  As  you  interview  the  patient,  however,  your  sixth 
sense  alerts  you  that  this  may  not  be  such  a  straightforward  situ¬ 
ation.  The  patient  repeatedly  describes  his  current  pain  as  non- 
exertional  and  localized  more  in  the  epigastrium  and  left  upper 
quadrant.  Indeed,  there  is  some  mild  tenderness  in  the  upper  ab¬ 
dominal  area.  As  you  review  his  laboratory  data  for  the  past 
few  days,  you  notice  a  progressive  decrease  in  the  hematocrit, 
from  an  initial  level  of  40%  to  its  current  level  of  23%. 
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SOLUTION 

Your  suggestion  is  that  the  patient  be  evalu¬ 
ated  by  a  general  surgeon  to  determine 
whether  or  not  there  is  any  connection  be¬ 
tween  the  drop  in  hematocrit  and  the  abdomi¬ 
nal  symptoms.  The  surgeon's  evaluation 
reveals  no  evidence  of  upper  or  lower  gas¬ 
trointestinal  bleeding,  but  an  abdominal 
roentgenogram  reveals  a  calcified  mass  in  the 
epigastrium,which  an  ultrasound  examina¬ 
tion  confirms  to  be  a  large  aneurysm  of  the 
splenic  artery  for  which  abdominal  explora- 
tion  is  performed. 


DISCUSSION 

The  association  of  coronary  artery  disease 
with  aneurysmal  disease  of  the  abdominal 
aorta  and  its  branches,  peripheral  vascular 
disease,  and  carotid  artery  disease  is  well 
known  and,  if  unrecognized  or  left  untreated, 
is  a  significant  cause  of  mortality  in  the  late 
postoperative  period.  It  has  further  been 
shown  that  coronary  artery  bypass  grafting 
significantly  improves  late  survival  after  vari¬ 
ous  peripheral  vascular  procedures. 

Whether  or  not  coronary  artery  and  periph¬ 
eral  vascular  procedures  should  be  performed 
as  sequential  or  simultaneous  procedures  is  a 
function  of  the  relative  acuity  of  the  two  disor¬ 
ders  should  they  become  of  clinical  signifi¬ 
cance  at  the  same  time.  In  the  present  case,  it  is 
unclear  whether  this  patient  really  had  angina, 
induced  perhaps  by  the  anemia  that  resulted 
from  a  rupturing  splenic  artery  aneurysm,  or 
whether  all  the  symptoms  resulted  from  the 
aneurysm  itself.  The  approach  in  this  case  was 


to  recommend  prompt  treatment  of  ik 

rysm  with  appropriate  hemodynami/  hf  **>• 

totefoUowedby  coronary  aitoyby^"^ 
under  elective  circumstances  during T  ^ 

mission.  Had  the  aneuiysmbeendiLve^T4'1' 

incidental  findingina  patient  vdthknowT" 

able  coronary  artery  disease,  then  coronal 
pass  surgery  followed  by  immediate  resection  * 

the  aneurysm  would  have  been  appropriat,,  i” 

have  operated  on  this  patient’s  coronaty  artei! 
disease  without  having  searched  for  the  cause  oi 
this  patient' s  anemia  would  have  resulted  in  pro. 
found  occult  intra-abdominal  bleeding  with  he¬ 
modynamic  instability.  Even  if  discovered  in  time, 
abdominal  exploration  would  have  been  per¬ 
formed  under  adverse  circumstances,  necessi¬ 
tated  massive  infusion  of  blood  and  blood 
products,  and  significantly  compromised  this 
patient's  chances  of  survival. 
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A  75-year-old  patient  was  transferred  from  another  institution 
with  chills  and  fever.  Eight  years  previously,  a  permanent  en¬ 
docardial  pacemaker  had  been  implanted  to  treat  symptomatic 
complete  heart  block  but  had  to  be  removed  several  months  later 
because  of  erosion  of  the  pulse  generator  through  the  skin.  The 
pacing  lead  could  not  be  removed  and  had  been  left  in  place.  A 
new  pacing  system  was  inserted  on  the  opposite  side,  but  the  pa¬ 
tient  was  left  with  a  sinus  tract  that  had  been  intermittently 
draining  in  the  right  supraclavicular  fossa  for  the  previous  7 
years.  Staphylococcus  aureus  was  cultured  from  both  the  blood 
and  the  sinus  tract  and  the  patient  was  treated  with  antibiotics 
for  about  3  weeks  on  the  medical  service  with  persistent  intermit¬ 
tent  fever  and  an  episode  of  gastrointestinal  bleeding,  thought  to 
have  resulted  from  antibiotic-induced  colitis.  You  have  been  con¬ 
sulted  to  remedy  this  situation.  When  you  first  see  the  patient, 
you  find  a  2.5  cm  diameter  ulcer  in  the  supraclavicular  fossa,  per¬ 
haps  made  larger  by  the  hemostat  that  had  been  placed  on  the 
lead  several  weeks  previously  in  an  attempt  to  keep  it  on  con¬ 
tinuous  traction. 
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SOLUTION 

Because  of  this  patient's  hi ‘^decide 

tory  of  gastrointestinal  bleeding,  y 
not  to  remove  this  entrapped  ea 
diopulmonary  bypass;  instead,  you  3 

pound  weight  to  the  lead  using ;  an  orthoHtc 
traction  system,  hoping  to  wea  en 
sheath  around  the  lead  enough  o  pe 
extraction.  You  retire  for  the  evening  and  so 
does  the  patient.  Eleven  hours  later  you  re¬ 
ceive  an  anguished  call  from  the  pat.en  s 
nurse  who  tells  you  that  just  moments  ago,  at  3 
a.m.,  there  had  been  a  terrible  crash  m  room 
725,  as  though  the  patient  had  suddenly  fallen 
out  of  bed.  The  nurses  had  rushed  into  the 
room  to  find  the  patient  sitting  up,  wild-eyed, 
ramrod  straight  in  his  bed,  the  weight  with  its 
line  and  the  lead  quivering  on  the  floor  in  a 
tiny  shimmering  pool  of  dark  red  blood.  Reas¬ 
sured  by  the  nurse  that  the  patient  was  still  in 
a  vertical  position  with  a  stable  blood  pressure 
and  in  no  apparent  distress,  you  dash  to  the 
hospital  to  witness  this  miracle  of  medical  sci¬ 
ence  with  your  own  eyes.  You  recoil  in  horror 
when  attached  to  the  electrode  you  see  what 
could  only  be  a  piece  of  tricuspid  valve  leaflet 
with  several  chordae  tendinae  attached  to  the 
remnants  of  a  fibrous  sheath  surrounding  the 
electrode  tip.  Although  the  patient  made  an 
uneventful  recovery  from  this  debacle,  it  left 
you  thinking  that  there  must  be  a  better  way. 


DISCUSSION 

The  most  frequent  indication  for  removal  of  a 
pacemaker  lead  is  infection.  Failure  to  remove 
an  infected  lead  has  been  associated  with  a 
mortality  rate  as  high  as  25%  and  leads  to  the 
sequellae  of  septicemia,  endocarditis,  and  sep¬ 
tic  embolization.  The  currently  available 
methods  of  lead  extraction  include  the  traction 
technique,  as  demonstrated  in  this  case,  and 
removal  under  direct  vision  during  cardiopul¬ 
monary  bypass.  The  traction  method  is  most 
successful  when  used  to  remove  leads  that 
have  been  in  place  for  less  than  one  year,  or  for 
the  removal  of  atrial  leads,  since  the  fibrous 
sheath  that  invariably  forms  around  the  lead 
in  these  aroimslances  is  less  dense.  Compli¬ 
cations  of  the  traction  method,  in  addition  to 


the  one  illustrated  by  this  example,  include 
avulsion  of  the  right  ventricular  wall,  trans- 
section  of  the  superior  vena  cava,  lethal 
hemopericardium,  and  arrhythmias. 

On  occasion,  cardiopulmonary  bypass  must 
be  employed  to  allow  dissection  of  an  en¬ 
trapped  lead  from  the  superior  vena  cava,  the 
right  ventricular  endocardium,  and  tricuspid 
valve  under  direct  vision.  Even  under  these 
circumstances,  the  procedure  may  be  difficult. 
Chronic  thrombosis  of  the  superior  or  inferior 
vena  cava  may  resist  the  most  diligent  efforts 
at  removal.  Adhesions  to  the  tricuspid  valve 
and  its  chordae  tendinae  are  the  rule  rather 
than  the  exception.  Exuberant  fibrous  reaction 
to  a  lead  associated  with  supravalvular,  valvu¬ 
lar,  and  infra-valvular  tricuspid  stenosis  has 
been  reported  that  necessitated  replacement 
of  the  tricuspid  valve.  The  supravalvular 
stenosis  was  thought  to  have  resulted  from  a 
right  atrial  thrombus  occuring  shortly  after 
implantation,  with  subsequent  organization 
and  recanalization.  The  valvular  and  sub¬ 
valvular  stenoses  were  believed  to  have  origi¬ 
nated  from  the  trauma  of  multiple  lead 
replacements  and  the  constant  motion  of  a  re¬ 
dundant  atrial  lead  that  abutted  the  valve,  as 
well  as  the  ventricular  lead  that  passed  across 
the  valve,  inciting  the  development  of  a  fi¬ 
brous  sheath  that  enveloped  and  fused  the 
chordae  tendinae. 

If  cardiotomy  is  selected  as  a  therapeutic  mo¬ 
dality  in  a  patient  more  than  40  years  of  age, 
consideration  must  be  given  to  evaluating  the 
patient  for  coronary  artery  disease  before  the 
procedure  and  for  possible  coronary  artery  by¬ 
pass  surgery  at  the  same  time.  A  more  conser¬ 
vative  approach  was  selected  for  the  present 
patient  in  this  example  because  of  his  age  and 
his  history  of  gastrointestinal  bleeding. 

Recently,  a  technique  of  intravascular  trac¬ 
tion  and  countertraction  has  been  described, 
which  involves  sliding  a  telescoping  sheath 
over  the  entrapped  lead  and  forcing  it  down 
the  body  of  the  lead  while  creating  tension  on 
the  lead,  detaching  and/or  dilating  the  fibrous 
sheath  that  encases  the  lead.  This  method  has 
been  successful  in  removing  226  leads  from 
124  patients  with  no  mortality  and  minimum 
morbidity. 
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A  58-year-old  pahent  enters  the  hospital  because  of  shortness  of 
breath.  Three  days  following  admission,  she  requires  endotra 
cheal  intubation  for  progressive  respiratory  insufficiency  thoueht 
to  have  resulted  from  pneumonia  or  acute  respiratory  distress6 
syndrome  (ARDS).  All  cultures  are  negative,  however,  and  a  rise 
b,  the  white  blood  cell  count  is  thought  to  have  resulted  from  ste¬ 
roid  administration  for  ARDS.  A  cardiology  consultant  recom- 
mends  insertion  of  a  Swan-Ganz  pulmonary  artery  catheter. 
Hemodynamic  monitoring  reveals  a  pulmonary  artery  pressure 
of  88/40  mm  Hg,  a  pulmonary  capillary  wedge  pressure  of  35  to 
40  mm  Hg,  and  a  cardiac  index  of  1 .5  L/ min/m2.  Doppler  echo¬ 
cardiography  reveals  significant  mitral  stenosis  and  insufficiency 
confirmed  by  cardiac  catheterization. 

At  operation,  you  identify  a  "fish  mouth"  rheumatic  mitral  valve 
with  a  1  cm  eccentric  opening:  fused  commissures;  and  rigid,  thick¬ 
ened  leaflets,  and  replace  it  with  a  porcine  bioprosthesis. 

To  de-air  the  heart,  you  render  the  mitral  prosthesis  incompe¬ 


tent  by  passing  a  vent  across  it  into  the  left  ventricle,  close  the 
atrium,  place  the  patient  in  the  head-down  position,  activate  the 
aortic  root  vent,  and  release  the  aortic  crossclamp.  The  heart  be¬ 
gins  to  beat  spontaneously.  You  tell  the  perfusionist  you  are  re¬ 
stricting  the  flow  to  the  oxygenator  and  disconnect  the  left 
ventricular  vent  as  the  anesthesiologist  inflates  the  lungs  and  the 
heart  begins  to  eject.  You  place  the  patient  in  the  left  lateral 
decubitus  position,  elevate  the  head,  vigorously  ballotte  the 
heart,  and  invert  the  left  atrial  appendage.  As  you  withdraw  the 
vent,  you  turn  the  patient  to  the  right  lateral  decubitus  position  to 
ensure  de-airing  of  the  right  pulmonary  veins,  and  complete  t  e 
closure  of  the  left  atrial  suture  line.  You  do  not  elevate  and  vent 
the  left  ventricular  apex  directly  so  as  not  to  incur  the  risk  of  a 
fear  in  the  atrioventricular  groove,  which  is  tethered  by  t  e  va 
Prosthesis.  Your  eye  then  catches  an  appalling  sight;  the  Prff"n 
?,  air  in  the  proximal  2  cm  of  the  aortic  root  vent.  lnexP^ca  ' 

Z vent  has  been  shut  off,  and  you  stand  there  with  no  idea 
^hether  any  air  has  entered  the  brachicephalic  vessels  and 

Cerebral  circulation. 
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SOLUTION 

As  you  reactivate  the  root  vent  and  place  the 
patient  in  deep  Trendelenburg  position,  you 
decide  to  retroperfuse  the  cerebral  circulation. 
You  request  the  perfusionist  to  attach  a  length 
of  A"  tubing  to  the  auxiliary  arterial  perfusion 
port  of  the  oxygenator  and  place  a  Vi”  to  Vs" 
connector  on  this  tubing  as  your  perfusionist 
fills  it  with  blood.  You  then  place  a  snare 
around  the  superior  vena  cava,  clamp  the  arte¬ 
rial  and  venous  lines,  connect  the  auxiliary 
perfusion  line  to  the  superior  vena  cava 
cannula,  and  perfuse  the  superior  vena  cava 
with  a  flow  rate  between  200  to  400  cc/min  for 
2  to  3  min,  with  the  aortic  root  vent  maximally 
aspirating  the  retrograde  flow.  After  back 
bleeding  through  the  aortic  cannula  to  remove 
any  air  bubbles  that  may  have  entered  its  tip, 
you  then  resume  full  systemic  perfusion  and 
complete  rewarming.  The  patient  awakens  in 
the  postoperative  period  with  no  gross  neuro¬ 
logic  deficits. 

DISCUSSION 

Uncertainty  regarding  the  extent  of  cerebral 
embolism,  if  any,  prompted  the  approach 
taken  in  this  case.  The  presence  of  a  cannula  in 
the  superior  vena  cava  facilitated  institution  of 
the  retroperfusion.  If  a  two-stage  venous 
cannula  had  been  in  place,  the  retroperfusion 
could  have  been  performed  using  a  perfusion 
catheter  inserted  through  a  purse-string  su¬ 
ture  directly  in  the  superior  vena  cava  or  in  the 
innominate  vein,  with  snaring  or  clamping  of 
the  superior  vena  cava  below  the  catheter.  In 


the  presence  of  massive  air  embolism  r . 
perfusion  of  1  to  2  L/min  for  1  or  2  mik  • 
removal  of  the  aortic  perfusion  cannula  tT? 
low  full  egress  of  foam  from  the  ascendi 
aorta,  has  been  recommended  and  allow!! 
full  neurologic  recovery.  As  the  amount  of  air 
embolism  was  thought  to  be  small  because 
some  aortic  root  venting  had  occurred  coinci¬ 
dent  with  the  release  of  the  aortic  crossclamD 
such  a  dramatic  observation  was  not  possible 
in  this  case. 

Although  the  management  of  this  case  may 
be  criticized  because  of  the  relatively  low 
retroperfusion  rate  and  failure  to  remove  the 
aortic  cannula  at  the  time  of  retroperfusion, 
some  benefit  may  have  been  achieved  because 
of  the  active  suction  applied  to  the  ascending 
aorta  during  the  retroperfusion  through  the 
arterial  line  prior  to  reinitiating  cardiopulmo¬ 
nary  bypass. 

The  monitoring  of  suspected  air  embolism 
may  be  facilitated  by  transesophageal  echo¬ 
cardiography  to  document  the  presence  or 
absence  of  intracardiac  air  and  by  ophthal¬ 
mologic  evaluation  of  the  retinal  arteries 
where  air  emboli  may  be  observed.  Cerebral 
venous  retroperfusion  can  be  accomplished 
readily  and  without  difficulty  and  should  be 
employed  without  hesitation  if  air  embolism 
is  a  serious  consideration. 
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A  59-year-old  patient  underwent  implantation  of  a  porcine 
bioprosthesis  13  years  previously  because  of  aortic  insufficiency 
secondary  to  oc- Streptococcus  endocarditis.  He  enters  the  hospital 
because  of  congestive  heart  failure  and  a  new  murmur  of  aortic 
insufficiency.  Cardiac  catheterization  reveals  4+  aortic  insuffi¬ 
ciency  with  a  left  ventricular  end-diastolic  pressure  of  37  mm 
Hg,  excellent  left  ventricular  contractility,  and  normal  coronary 
arteries. 

At  surgery,  you  identify  what  appears  to  be  a  27  mm  porcine 
bioprosthesis  at  the  root  of  a  normal  size  aorta.  One  of  its  three 
leaflets  has  detached  completely  from  its  commissures  and  is 
connected  tenuously  only  at  the  base.  Because  there  is  significant 
tissue  ingrowth  onto  the  sewing  ring,  it  is  not  possible  to  identify 
the  annular  sutures,  and  you  begin  to  incise  over  where  you  ex¬ 
pect  the  sewing  ring  to  be,  slowly  advancing  out  to  its  edge.  Us¬ 
ing  a  fine  clamp,  you  are  able  to  separate  the  sewing  ring  from  its 
insertion  site  at  one  location  on  the  annulus.  Having  established 
this  plane  of  cleavage,  you  grasp  the  sewing  ring  itself,  gently 
rotating  the  valve  as  you  continue  around  the  annulus,  staying  as 
close  to  the  sewing  ring  as  possible,  and  complete  the  excision. 

You  are  aghast  to  see  the  gaping  chasm  that  remains  at  the 
level  of  the  sewing  ring:  4  mm  deep  and  4  mm  wide.  Further¬ 
more,  the  wall  of  the  aorta  ends  abruptly,  just  below  the  ostia  of 
the  left  and  right  coronary  arteries,  with  no  direct  continuity  to 
the  tissue  at  the  aortic  root,  and  maintains  this  appearance 
around  the  entire  annulus.  This  has  every  appearance  of  an 
aorto-ventricular  discontinuity,  and,  as  you  confront  that  sinking 
feeling,  you  know  you  must  nonetheless  formulate  and  carry  out 
a  plan  of  action. 
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SOLUTION 


You  notice  that  the  tissue  supporting  the  gap 
between  the  cut  edges  of  the  aorta  is  rela 
vely  soft.  You  pass  the  first  silastic-bolstered 
mattress  suture  initially  through  the  superior 
and  then  the  inferior  edges  of  the  defect  and 
observe  that  it  is  possible  to  achieve  apposi¬ 
tion  of  the  edges  without  significant  tension. 
You  complete  the  placement  of  all  the  annu¬ 
lar  sutures  in  a  similar  supra-annular  posi¬ 
tion,  noticing  that  one  bolster,  of  necessity, 
is  precisely  at  the  orifice  of  the  left  main 
coronary  artery.  You  then  pass  the  sutures 
through  the  sewing  ring  of  a  21  mm  St.  Jude 
bileaflet  prosthesis,  the  sewing  ring  acting  as 


a  continuous  pledget  for  the  inferior  aspect  of 
the  defect,  and  lower  it  into  place  with  its 
pivot  guards  perpendicular  to  the  interven¬ 
tricular  septum,  satisfied  that  the  gap  has 
been  obliterated  completely. 

You  accomplish  easy  separation  of  the  pa¬ 
tient  from  cardiopulmonary  bypass.  The  post¬ 
operative  course  is  complicated  by  low-grade 
fever,  pneumonitis,  mild  congestive  heart  fail¬ 
ure,  and  complete  heart  block  that  persists 
throughout  this  period.  Sequential  transes¬ 
ophageal  Doppler  echocardiograms,  performed 
about  two  weeks  apart,  reveal  2+  mitral  insuffi¬ 
ciency  that  improves  between  the  two  examina¬ 
tions.  After  implantation  of  a  permanent 
rate-responsive  dual-chamber  pacemaker,  you 
are  relieved  to  discharge  the  patient  in  satisfac¬ 
tory  condition. 


DISCUSSION 

Given  the  substantial  difference  in  size  be¬ 
tween  the  excised  porcine  bioprosthesis  and 
the  new  mechanical  prosthesis,  the  original 
implantation  appeared  to  have  been  driven 
by  the  goal  to  insert  as  large  a  valve  as 
possible  so  as  to  avoid  the  transvalvular  gra¬ 
dients  inherent  in  the  design  of  porcine 
bioprostheses  with  annular  diameters  of  23 
mm  or  less.  The  risks  of  doing  this  in  the  aor¬ 
tic  annulus  include  disruption  of  the  annulus 
caused  by  forceful  seating  of  the  valve;  in¬ 
complete  seating  of  the  prosthesis,  which  can 
result  in  impingement  of  the  sewing  ring  on 
one  or  both  coronary  ostia;  and  gradual  ero¬ 
sion  of  the  sewing  ring  into  the  wall  of  the 
aorta.  It  seems  likely  that  the  latter  two 


mechanisms  were  responsible  for  th 
resection  of  the  valve  being  only  2  °  ^  °f  ' 

the  orifice  of  the  left  main  coron^  l*lo'v  I 
and  for  the  deep  indentation  into  thj^'  * 
wall,  resulting  in  discontinuity  0f  ^ a0nic  • 
and  probably  the  media  of  the  aortic  I 

fact  that  a  Hancock  bioprosthesis  was  *  1 

with  its  rigid  annulus,  perpetuated  the?*1' 
dency  for  this  erosion  into  the  aortic  walT 

progress.  Had  a  Carpentier-Edwards 

been  used,  with  its  more  flexible  ring,  the  ^ 
sion  may  have  progressed  to  a  lesser  extern 
but  earlier  valve  failure  may  have  occu^ 
owing  to  a  distorted  geometry  of  leaflet  open¬ 
ing  and  closure. 

Given  the  limited  durability  of  tissue  valves 
one  might  question  why  a  porcine  biopros^ 
thesis  was  chosen  for  a  patient  who  was  46 
years  old  at  the  time  of  implantation.  The  rea¬ 
sons  probably  included  the  desire  to  avoid 
anticoagulation  and  an  incomplete  under¬ 
standing  of  the  long-term  fate  of  these  valves. 
A  recent  review  of  the  long-term  follow-up  of 
Hancock  valves  revealed  a  freedom  from 
structural  failure  of  only  38±  6%  after  16  years 
in  the  aortic  position  and  18±  5%  after  18 
years  in  the  mitral  position.  A  15  year  follow¬ 
up  of  the  Carpentier-Edwards  standard  por¬ 
cine  bioprosthesis  revealed  a  freedom  from 
structural  valve  deterioration  of  71%  in  the 
aortic  position  and  41  %  in  the  mitral  position. 
Both  series  demonstrate  accelerated  deterio¬ 
ration  of  these  bioprostheses  after  10  years. 
There  appeared  to  be  no  indication  for  an  an¬ 
nulus-enlarging  procedure,  such  as  the 
Nicks,  Manouguian,  or  Nunez  procedures  in 
this  patient  as  the  St.  Jude  prosthesis  provides 
excellent  hemodynamics  even  in  the  smaller 
sizes. 

Annular  suture  placement  was  with  the  bol¬ 
sters  in  the  supra-annular  position  to  avoid 
an  excess  of  potentially  thrombogenic  mate¬ 
rial  on  the  inflow  side  of  the  valve.  This  also 
eliminated  the  risk  of  a  bolster  lost  in  the  ven¬ 
tricle  should  a  suture  have  broken  near  the 
end  of  the  tying  process.  Fortunately,  the  tis 
sues  were  pliable  enough  that  a  tension-fr# 
repair  was  possible  using  the  supra-annu  ar 
approach. 

Since  there  is  fibrous  continuity  betwee^ 
the  aortic  annulus  and  the  anterior  leafl  ® 
the  mitral  valve,  the  repair,  which  essenh^y 
involved  a  resuspension  of  the  anterior  mi 
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flet,  must  have  reduced  its  effective  sur- 
T  area  enough  that  its  edge  was  unable  to 
aC  pt  completely  with  the  posterior  leaflet 
d  resulted  in  a  small  degree  of  mitral  insuf- 
fidency.  This  has  not  only  been  weU  tolerated 
but  appears  to  have  improved  with  the  pas¬ 
sage  of  time. 

The  heart  block  in  this  patient  must  have 
resulted  from  a  suture  that  passed  through 
the  bundle  of  His  that  runs  beneath  the  com¬ 
missure  between  the  noncoronary  and  right 
coronary  cusps  and  extends  about  halfway 
along  the  right  coronary  cusp.  To  be  certain 
that  edema  was  not  the  cause  of  the  heart 
block,  the  permanent  pacemaker  was  not  im¬ 
planted  until  the  25th  postoperative  day. 

Aorto-ventricular  discontinuity  that  results 
from  annular  abscesses  associated  with  acute 
endocarditis  can  be  treated  by  debridement 
and  direct  suture  closure  of  a  small  cavity 
with  orthotopic  valve  replacement,  or  peri¬ 
cardial  or  Dacron  patch  closure  of  a  large  cav¬ 
ity  with  orthotopic  valve  replacement.  Infection 
of  a  prosthetic  valve  may  involve  the  entire  an¬ 
nulus,  in  which  case  a  cryopreserved  aortic 
homograft  valve  and  segment  of  aorta,  with 
reimplantation  of  the  coronary  arteries,  may  be 
employed;  or  translocation  of  a  new  prosthesis 
more  distally  in  the  ascending  aorta  with  aorto¬ 
coronary  saphenous  vein  bypass  grafts  placed 
distal  to  the  valve. 
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You  have  just  arrived  home  after  a  busy  day  during  which  you 
performed  bilateral  internal  thoracic  artery  coronary  bypass 
grafting  in  a  74-year-old  patient  with  poor  venous  conduits  fol¬ 
lowed  almost  immediately  by  an  emergency  mitral  valve  re¬ 
replacement  in  a  patient  who  presented  with  acute  pulmonary 
edema  secondary  to  a  thrombosed  mechanical  prosthesis.  The 
telephone  is  ringing  as  you  open  the  door;  the  emergency  room 
physician  on  the  line  informs  you  that  a  38-year-old  patient  has 
been  examined  in  the  emergency  room  because  of  chest  pain  that 
had  occurred  while  the  patient  had  been  jogging  earlier  in  the 
day.  The  electrocardiogram,  except  for  criteria  suggestive  of  left 
ventricular  hypertrophy,  was  normal,  but  a  chest  roentgeno¬ 
gram,  a  portable  film  of  poor  quality  and  difficult  to  interpret 
because  of  the  patient's  extremely  muscular  body  habitus,  sug¬ 
gested  a  widened  mediastinum.  Although  apprehensive,  the  pa¬ 
tient  is  entirely  stable  with  only  a  mildly  elevated  blood  pressure 
that  is  equal  in  both  upper  extremities.  The  emergency  room 
physician  requests  your  evaluation  before  embarking  upon  a 
more  aggressive  workup. 
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SOLUTION  u 

When  you  arrive  in  the  tele 

find  the  ^uation  interviewing 

phone,  with  one  ex  P  ^  {hat  he  is  a  weight 
the  patient,  you  du  he  had  bench- 

lifter  and  that  pnor  to  histoiy  0f  us- 

jjSSSfc  ph>'sical  examina,ion  ,s 

aortogram.  The  aortogram 

^.aaohicdU^lonto.l^ng^ 

in  the  aortic  root  and  spiraled  into the  asce" 
!"g  aom;  in  addition,  there  is  3*  to  4+  aorttc 
insufficiency.  While  waiting  for  the  operating 
room  to  receive  the  patient,  you  obtain  an 
echocardiogram,  which  reveals  a  pericardial 


effusion. 

At  surgery,  you  cannulate  the  common 
femoral  artery  and  vein.  Upon  opening  the 
chest,  you  find  the  proximal  ascending  aorta 
to  be  dilated  and  violaceous;  you  can  actually 
see  the  blood  circulating  subadventitially.  The 
pericardium  contains  a  large  amount  of  blood- 
tinged  fluid.  You  cannulate  the  right  atrium 
with  a  two-stage  cannula  and  connect  it  to  the 
femoral  venous  line  with  a  Y  connector.  After 
placing  a  left  ventricular  vent  through  the 
right  superior  pulmonary  vein,  you  begin  car¬ 
diopulmonary  bypass  with  the  ventricular 
vent  activated  to  prevent  ventricular  over¬ 
distension.  Upon  opening  the  aorta,  you  find 
that  the  dissection  originated  in  the  aortic  root, 
extending  to  the  orifices  of  both  coronary  ar¬ 
teries,  with  a  reentry  point  15  cm  distally  in  the 
ascending  aorta. 


After  tne  administration  of  cardioplegi 
rectly  into  each  coronary  artery,  you  perfo 
Bentall  procedure,  employing  a  valved 
drnt  composed  of  a  28  mm  Dacron  graft  a 

’Ude  Vt'Ve'  PriOT  '°  imP‘an,a 

and  bake  ttoomdufi  in  an  autoclave  Oik 

“stag  Teflon  strips  Lid(  aSCendin8 

"*n.  Before  retaL. 1  d  °UtSide  th 

‘■■"■"■WiBSrtr 


suture  line  bleeding  or  extravasati 
the  graft,  especially  since  there  w‘Nk 
sidual  aorta  with  which  to  cover  the  ^  n°  re- 
The  patient  makes  an  uneventful 
He  remains  alive  and  well  4  yea  r^°Very. 
though  an  aortogram  performed  25  *ter a1' 
following  surgery  because  of  vague 
comfort  revealed  a  small  false  aneunT  ^ 
volving  the  anastomosis  of  the  lefi  in' 
coronary  artery  to  the  graft.  main 


DISCUSSION 

The  key  to  prompt  diagnostic  measures  and 
emergency  surgery  in  this  patient  who  ap. 
peared  stable  in  the  emergency  room  with  f 
questionable  mediastinal  widening  on  a  por- 
table  chest  roentgenogram  was  the  information 
from  the  patient  that  he  was  a  weight  lifter.  The 
transient  fourfold  increase  in  systolic  and  dias¬ 
tolic  pressure  that  occurs  during  weight  lifting 
doubtless  exaggerated  the  forces  that  normally 
stress  the  aortic  wall.  Repetition  of  this  activity 
weakened  the  wall  and  resulted  in  an  intimal 
tear.  Of  special  interest  is  a  series  of  ascending 
aortic  dissections,  successfully  repaired,  that 
occurred  in  weight  lifters,  all  of  which  were  as¬ 
sociated  with  medial  degeneration  upon  patho¬ 
logical  examination. 

The  etiology  of  aortic  dissection  is  multifac¬ 
torial.  Long-standing  systolic  and  diastolic  hy¬ 
pertension  may  result  in  hypoxia  of  the  medial 
layers  of  the  aorta,  which  results  in  impair¬ 
ment  of  flow  through  the  vasa  vasora.  This 
may  cause  medial  necrosis,  which  then  ren¬ 
ders  the  aortic  wall  more  susceptible  to  dis¬ 
ruptive  mechanical  forces  such  as  shearing, 
friction,  and  turbulence.  Medial  degeneration 


also  appears  to  be  part  of  the  aging  process. 
Elastic  tissue  fragmentation  seems  to  pre¬ 
dominate  in  aortic  dissections  that  occur  in  pa¬ 
tients  less  than  40  years  of  age. 

It  has  been  known  for  many  years  that  e 
mortality  rate  of  acute  ascending  aortic  dissec 
tion  exceeds  90%  within  6  weeks  of  the  onset 
symptoms  and  that  surgical  intervention,  w 
can  prevent  potentially  fatal  compl^31'0^' 
should  be  performed  on  an  emergency  ^ 
Such  complications  include  acute  aort*c^n  0f 
ciency,  pericardial  tamponade, obstm 
the  pulmonary  artery,  acute  compression 
airway,  rupture  of  a  saccular  aneurysff1^  ^ 
cardial  ischemia  secondary  to  obstruc^y  ^ 
flow  to  the  coronary  arteries,  or  poten 
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visible  obstructions  of  arteries  supply  th 
(ri},  nervous  system  or  viscera. 

The  operative  (30-day)  survival  rate  of  pa- 
rients  receiving  surgical  treament  for  ascend¬ 
ing  aortic  aneurysm  and/or  dissection  now 
exceeds  90%  and  should  be  associated  with  a  5 
vear  survival  in  excess  of  60%.  The  early  and 
jate  survival  is  adversely  affected  by  age  >65 
years,  prior  surgery  for  aortic  dissection  or  an- 
eurysm,  distal  aneurysmal  disease,  severity  of 
symptoms,  and  diabetes  mellitus.  Recent  im¬ 
provement  in  survival  has  resulted  from  the 
introduction  of  hypothermic  circulatory  ar¬ 
rest,  autotransfusion,  collagen-coated  or  auto¬ 
claved,  protein-impregnated  grafts,  and  the 
employment  of  no-clamp  techniques  on  the 
aorta. 

The  surgical  repair  in  this  case  incorporated 
a  complete  division  of  the  distal  ascending 
aorta  prior  to  its  anastomosis  to  the  Dacron 
graft.  In  addition,  there  was  not  enough  aorta 
to  wrap  the  conduit  after  its  implantation; 
therefore,  an  expansile  hematoma  capable  of 
imparting  tension  to  the  coronary  anasto¬ 
moses  could  not  form  around  the  graft.  Never¬ 
theless,  a  false  aneurysm  developed  at  the  left 
main  anastomosis.  This  likely  resulted  from 
the  patient's  insistence  upon  a  continued, 
though  modified,  program  of  body  building. 
The  incidence  of  this  complication,  here  dem¬ 
onstrated  to  occur  using  the  noninclusion 
technique,  can  be  minimized  by  suturing  a 
feed-up  button  of  aorta  that  incorporates  the 
coronary  ostia  to  the  graft,  especially  if  the 
coronary  ostia  are  a  centimeter  or  less  above 
fte  aortic  annulus,  or  by  suturing  aortic  wall 
adjacent  to  the  anastomoses  to  the  conduit. 


^vasation and  t0 

^Ffed  sutures.  The  nrJL  heS€>  *>th  inter 
pair  01  mon»l'ly  ot  ^ 

F^ureh*^'  repo'*'™« Bonull 
especially  if  **  as  high  as 

^l  structures.  ncnor  mediasti- 
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A  53-year-old  patient  with  a  20-year  history  of  abd™™  i  . 
thought  to  have  resulted  from  peptic  ulcer  disea^aS^' 
colic,  presents  with  severe  epigastric  pain  radiating  to  thebaTk 
A  histamine  Hj-  receptor  blocking  agent  and  metodopramide 
hydrochloride  are  prescribed  with  incomplete  relief  Three  daw 
later,  after  a  normal  upper  gastrointestinal  series  and  abdominal 
ultrasound,  the  patient  develops  exertional  dyspnea  and  eventu¬ 
ally,  orthopnea.  A  chest  roentgenogram  reveals  bilateral  lower 
lobe  infiltrates.  Because  of  worsening  respiratory  symptoms,  the 
patient  is  admitted  to  the  medical  service  the  following  day.  She 
is  afebrile  but  tachypneic.  Examination  of  the  chest  reveals  a  few 
bibasilar  rales  and  a  2/6  systolic  ejection  murmur.  An  electrocar¬ 


diogram  reveals  a  right  bundle  branch  block  with  nonspecific  ST 
and  T  wave  changes.  A  repeat  chest  roentgenogram  shows  dif¬ 
fuse  interstitial  markings  interpreted  as  noncardiac  pulmonary 
edema  or  opportunistic  pulmonary  disease.  The  patient  is  placed 
on  antibiotics,  and  blood  is  drawn  to  assess  exposure  to  myco¬ 
plasma  and  legionella  organisms. 

By  the  third  hospital  day,  the  patient  is  clearly  in  florid  pulmo¬ 
nary  edema  and  requires  emergency  endotracheal  intubation.  A 
loud  pan-systolic  murmur  is  heard.  An  echocardiogram  reveals 
significant  mitral  insufficiency  and  suggests  the  presence  of  a 
mass  attached  to  the  posterior  leaflet  of  the  mitral  valve.  Cardiac 
catheterization  demonstrates  4+  mitral  insufficiency,  infero-basal 
a  kinesis,  and  total  obstruction  of  the  right  coronary  artery  with 
distal  left-to-right  collateralization.  You  are  called  to  assist  with 
the  patient's  subsequent  management. 
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SOLUTION 

^nfraindication  to  immediate 

There  being  no  contn**  ^  operat 

sw?i<3l  y  n0  evidence  of 

ing room.  At smB«y,  y  diai  infarction. 

e£Ss^*"K 

iSSS3==¥“ 

saphenous  vein  graft  to  the  right  posterior  de¬ 
scending  coronary  artery  and  replace  the  mi¬ 
tral  valve  with  a  25  mm  St.  Jude  piwthests. 
You  extubate  the  patient  the  day  following 
surgery.  A  furosemide  (Lasix)  drip  is  neces¬ 
sary  to  achieve  a  prompt  reduction  in  the 
patient's  positive  fluid  balance  and  to  help  re¬ 
duce  her  Aa  02  gradient.  Her  course  is  other¬ 
wise  uneventful,  and  you  are  able  to  discharge 
the  patient  on  the  ninth  postoperative  day. 


DISCUSSION 

This  case  represents  not  only  a  missed  diagno¬ 
sis  but  the  trap  that  all  of  us  blunder  into  on 
occasion:  the  interpretation  of  a  clinical  find¬ 
ing  solely  within  the  bounds  of  one's  own  spe¬ 
cialty.  The  patienf  s  epigastric  discomfort  was 
interpreted  by  the  gastroenterologist  as  a  re¬ 


currence  of  the  peptic  ulcer  disease  th* 
was  known  to  have  and  not  the  subT 
ial  infarction  it  really  was.  The  pulm^docard' 
interpreted  the  chest  roentgeno^010^ 
showing  opportunistic  lung  disease^  as 
adult  respiratory  distress  syndrome 
the  pulmonary  edema  of  cardiac 
really  was.  Once  all  the  chest  films 
reviewed,  the  pattern  of  pulmonary 
made  clear,  and  even  after  an  initial  w 
cardiogram  was  finally  obtained,  which  dZ" 
onstrated  mitral  insufficiency,  appropZ' 
treatment  was  not  instituted  until  the  patJ! 
became  so  ill  as  to  require  emergency  endoS! 
cheal  intubation.  As  documented  by  sequen* 
tial  physical  examinations,  the  munnurof 
mitral  insufficiency  gradually  increased  in  in- 
tensity  over  a  3-day  period  and  did  not 
dominate  the  clinical  presentation  until  com¬ 
plete  rupture  of  the  papillary  muscle  had  oc¬ 
curred. 


Clinicians  must  not  be  reluctant  to  think  of, 
and  suggest,  diagnostic  possibilities  that  are 
beyond  the  confines  of  their  spheres  of  exper¬ 
tise,  even  if  their  familiarity  with  a  disorder 
can  be  painted  only  in  the  broadest  tenns.  This 
is  what  is  meant  by  the  aphorism  that  a 
physician's  responsibility  is  to  know  as  much 
as  possible  about  the  skin  and  its  contents. 


A  61-year-old  patient  enters  the  hosnir.1  u. 

On  admission,  the  blood  pressure  is  90/rn  ' of  ch“'  pain 
rate  60.  An  electrocardiogram  reveals 8  *"d  the 
pression m leads VI  through V4, with ^ Segment d<- 
The  creatine  phospholdnase  rises  to  20m^n.  WaVe  Ptogression. 
the  MB  fractionation  suggests  significant  m  emational  “"its  and 
patient  is  placed  on  a  heparin  drfebm  eJ2?*ardial  “W-  7116 
chest  pain  that  is  associated  with  a  droo  i^hi^65  recuiTCnt 
75  mm  Hg  systolic,  and  a  dopamine  drip  is  2?“'  *° 

At  cardiac  catheterization,  there  is  impaired  left  ventricular 
ftmchon  and  nuld  mitral  insufficiency.  There  is  now  a  fl^c 
lusion  of  the  circumflex  coronary  artery,  which  the  caidiologists 
open  by  percutaneous  transluminal  coronary  angioplasty  aT 
ftough  the  cardiac  output  is  in  excess  of  4  L/m&iTnL* 

can»  r  A  Card^'  ^  Str°ke  VOlUme  ca,cuiated  ‘o  be  39  cc.  Be- 
*  m  1^' and  Wllh  3  left  ventricular  end-diastolic  pressure  of 
. Hg/  an  mtra"a°rtic  balloon  is  inserted  into  the  descending 
raC\C  aorta  through  the  left  common  femoral  artery,  and  the 
patient7 s  condition  stabilizes. 

days  tster,  the  patient  is  able  to  maintain  stable  hemo- 
ynairucs  on  decreased  inotropic  support  and  no  longer  requires 
a  aorhc  balloon  counterpulsation.  The  cardiologist  cuts  the 

dr  ^ i!^at  balloon  in  place,  turns  off  the  console,  with- 

ws  the  balloon  as  far  into  the  sheath  as  possible,  and  begins  to 
1  out.  After  about  12"  of  catheter  have  been  withdrawn,  it 
to  revea|  ho  more  of  itself  to  the  light  of  day.  The  patient  begins 
f.L-^?mP^ahl  of  a  numb  feeling  in  his  left  leg,  and  the  cardiologist 
°f  just  one  thing:  you. 
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SOLUTION 

Your  initial  reaction  over  the  telephone  is  one 
ofskepHcism,  but  rather  than  exhort t  your  col- 
leagueto  pull  harder,  you  wisely d“'d* 
take  a  look  for  yourself.  Sure  enough,  the  c 
eter  wiU  not  come  out,  nor  can  it  be  reinserted 

or  rotated.  It  is  stuck,  and  so  are  you 

In  the  operating  room,  you  expose  the  exter¬ 
nal  iliac  artery.  As  you  extend  the  exposure 
more  proximally,  you  palpate  a  hard  mass 
that  seems  cemented  in  place.  After  obtaining 
proximal  and  distal  control  of  the  iliac  artery, 
you  perform  an  arteriotomy  and  identify  the 
mass  as  the  balloon,  filled  with  what  could 
only  be  dessicated  blood.  The  intima  of  the 
iliac  artery  is  telescoped  distal  to  the  balloon 
and  fragmented  as  well,  precluding  any  possi¬ 
bility  that  the  balloon  could  ever  be  with¬ 
drawn  in  the  usual  manner.  You  extend  the 
arteriotomy  and  divide  the  balloon  catheter  so 
that  the  balloon  itself  is  delivered  through  the 
arteriotomy  and  the  catheter  through  its  origi¬ 
nal  insertion  site  in  the  common  femoral  ar¬ 
tery.  You  tack  down  the  intima  distally  and 
close  the  arteriotomy  primarily,  as  well  as  the 
original  insertion  site,  with  restoration  of  ex¬ 
cellent  pedal  pulses. 


DISCUSSION 


Intra-aortic  balloon  entrapment  as  descril 
in  this  patient  is  a  rare  complication  of  ball< 
counterpulsation.  The  prerequisite  for  its 
currence  is  a  small  perforation  of  the  balk 
caused  by  damage  to  the  device  during  in; 
tion  or  by  prolonged  exposure  of  the  balk 
to  a  jagged  arteriosclerotic  plaque.  The  telll 
sign  of  perforation  is  the  appearance  of  bit 
jn  the  shaft  of  the  balloon.  If  the  perforate 

a  k^V"11  **  a  ^  amou*t  of  blooc 
e  shaft;  if  small,  the  amount  of  blood  n 

gapsars: 

aSSSsas 

tion  at  the  timp  !  f  counter-pu] 

deflation  phases  blonH  3  result'  during  I 
ballot  ™S  ~lysucl 
sicated  by  the  constant  passed' d 


through  a  generous  arteriotomy  „ 

The  modenceof  balloon  perforatwUr8*y 
reduced  since  the  introduction 
during  sheaths.  Once  the  diagnosis  I*8 
ration  has  been  made,  immediate 
mandatory  before  the  solidifi™*"'0*91  is 
blood  inside  the  balloon  mandat  J°n  °f  th« 
approach.  a  SUrgical 


Retrograde  dissection  of  the  aorta  h*  l. 
reported  during  baUoon  insertion  thro?  k 
femoral  artery.  In  such  a  circumstan  ^ 
passage  of  the  balloon  will  be  difficult  anH^ 
awake,  the  patient  will  experience  in* 
lower  abdominal  or  back  pain  and  mavT 
velop  paraplegia.  Fluoroscopy  will  revJwiT 
tip  of  the  balloon  not  to  oscillate  freely^  Z, 
aorta  during  the  inflation-deflation  cycle  as  it 
ordinarily  does;  however,  satisfactory  aue 
mentation  may  still  be  achieved.  Removal 
should  be  accomplished  as  promptly  as  pos¬ 
sible  since  balloon  entrapment  becomes  more 
likely  the  longer  the  balloon  remains  in  an  in¬ 
tramural  position.  Because  there  is  a  finite  risk 
of  aortic  rupture  when  extraction  of  a  balloon 
in  this  position  is  attempted  from  the  groin, 
preparations  should  be  made  for  rapid 
thoracotomy.  Should  it  not  be  possible  to  re¬ 
move  the  balloon  with  gentle  traction  or  rota¬ 
tion,  thoracotomy  and  removal  through  an 
aortotomy  should  be  the  primary  approach. 

The  most  common  complication  of  intra¬ 
aortic  balloon  counterpulsation  is  ischemia  of 
the  lower  extremity.  Should  this  occur,  and  the 
patient  continues  to  require  circulatory  sup¬ 
port,  the  balloon  may  be  removed  and  in¬ 
serted  in  the  other  femoral  artery,  or  a 
femoral-femoral  crossover  graft  may  be  im¬ 
planted  to  provide  blood  to  the  affected  ex¬ 
tremity  distal  to  the  balloon  insertion  site.  In 
the  presence  of  severe  aorto-iliac  disease,  the 
balloon  may  be  inserted  in  an  antegrade  man¬ 
ner  through  the  ascending  aorta  or  through 
the  left  axillary  artery. 

Emboli  to  the  gastrointestinal  tract,  kidneys; 
and  spinal  cord  have  been  caused  by  disrup¬ 
tion  of  plaques  by  balloons  inserted  throug 
the  femoral  approach;  emboli  to  the  spin^  ^ 
teries  have  been  associated  with  paraP 
Balloons  inserted  through  the  ascending 
have  caused  emboli  to  the  brachioc cp  ^ 
vessels  both  during  insertion  and  wit  ^ 
Possibly,  bilateral  carotid  artery  cornP^  ^ 
during  these  maneuvers  could  reduce 
of  this  complication. 
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The  emergency  room  has  called  you  to  see  a  20-year-old  patient 
who  had  been  thrown  off  his  motorcycle  during  a  collision  with 
an  automobile.  On  admission,  the  patient  was  hypotensive  and 
unresponsive.  He  had  been  intubated,  a  large  bore  catheter  in¬ 
serted  into  the  left  femoral  vein,  and  now  maintains  a  blood  pres¬ 
sure  of  70  mm  Hg  systolic.  His  pupils  are  equal,  approximately 
4  mm  in  diameter.  There  is  a  large  hematoma  in  the  right  side  of 
the  neck  and  in  the  supra-  and  infraclavicular  regions.  The  right 
carotid  and  right  radial  pulses  are  absent.  Though  not  to  com¬ 
mand,  the  patient  is  observed  to  move  all  extremities.  The  right 
upper  extremity  is  in  a  splint  because  of  a  fracture  in  the  right 
mid  humerus.  The  remainder  of  the  physical  examination  is 
within  normal  limits.  A  chest  roentgenogram  reveals  widening  of 
the  superior  mediastinum  with  blunting  of  the  right  costophrenic 
angle.  The  lung  fields  are  clear  and  the  cardiac  silhouette,  nor¬ 
mal.  How  will  you  proceed? 
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SOLUTION 
Vou  lead  . 

informsyou  that  he  is  having  difficulty  venti 
STS  Pa^nt  and  that  the  inspiratory  air¬ 
way^ pressure  has  progressively  risen.  He 
changes  the  endotracheal  tube,  but  there  is  no 
improvement.  Flexible  fiberoptic  broncho¬ 
scopy  reveals  that  the  trachea  distal  to  the  tip 
of  the  endotracheal  tube  has  been  reduced  to  a 
slit,  doubtless  the  result  of  compression  by  the 
mediastinal  hematoma.  An  additional  line  is 
placed  in  the  left  internal  jugular  vein.  General 
anesthesia  is  induced  as  the  patient  is  rapidly 
prepped  and  draped. 

You  decide  to  expose  the  common  femoral 
artery  and  vein  first  and  insert  an  additional 
volume  infusion  line  in  the  right  saphenous 
vein.  You  are  now  in  a  position  to  institute  car¬ 
diopulmonary  bypass  should  the  patient  be¬ 
come  impossible  to  ventilate.  You  are  relieved 
when  the  anesthesiologist  tells  you  he  can 
ventilate  the  patient  and  that  the  blood  pres¬ 
sure  is  now  stable  at  1 10  mm  Hg  following  ad¬ 
ditional  volume  infusion.  Using  fluoroscopic 
imaging,  you  obtain  an  arteriogram  through  a 
catheter  introduced  into  the  exposed  femoral 
artery  which  reveals,  as  expected,  an  extra¬ 
vasation  in  the  distribution  of  the  innominate 
artery. 

After  an  ill-advised  attempt  to  obtain  distal 
control  of  the  common  carotid  and  subclavian 
arteries  through  an  anterior  cervical  incision 
with  a  planned  resection  of  the  medial  third  of 
the  right  clavicle,  which  results  in  the  onset  of 
brisk  bleeding  that  an  assistant  controls  with 
pressure  in  the  suprasternal  notch,  you 
heparmize  the  patient  and  (annulate  the  femo- 
ndve,„  for  autotransfusion.  The  aspirated 
blood  is  suctioned  into  a  caidiotomy  reservoir 

oirri*0  ,he  pa,i-  wiiTX 

sternum  from  below  anH  ^  *en  0pen  the 
tractor.  Almost  imm  a-  fT*  ^ insert  the  re¬ 
hematoma  that  has  thiTf  y'  y°U  Cnter  the 
extravasation  from  the  •  COntained  the 
Your  busy  assistant  lnnom»nate  artery, 
hemorrhage  to  t0  COntro1  the 

S you  **% 

8”  of  the  innominate  ai!,?eak  UP  on  ori- 
^flection  and  damp  i,  ^7  " ,he  Pertcardial 
P  *t  noth  a  vascular  damp. 


You  divide  the  innominate  vein  cW 
blood  and  clots,  and  are  able  °Ut  tl*e 

nominate  artery  distally.  amP  the  ^ 

At  this  point  you  notice  that  the  left 
carotid  artery  does  not  originate  from 
tic  arch  but  is  actually  a  branch  of  the  ^  a°r' 
innominate  artery  itself.  By  applyj^*0**0^ 

side-biting  clamp  tangentially  To  theV  ^ 

nate  artery  about  a  centimeter  from 
some  flow  through  the  left  internal  carot,nfi8in' 

t«Y  occurs.  You  can  now  see  a  large  ren,  a 

anterior  waU  of  the  innominate  artery  b 1 
tal  to  the  clamp.  You  complete  the  tranced 
of  the  innominate  artery  and  debrideto 
edges.  You  also  evacuate  the  remainder  of  th 
blood  and  clot  from  the  mediastinum,  and  you 
can  hear  the  anesthesiologist  breathe  a  sigh  of 
relief  as  the  airway  pressure  normalizes  for 
the  first  time  and  the  lungs,  which  had  re¬ 
mained  partially  inflated  to  the  extent  that  the 
heart  was  lifted  out  of  the  pericardium,  de¬ 
flate.  You  mobilize  the  internal  carotid  and 
subclavian  arteries,  clamp  them,  debride  the 
edges  of  the  tear  proximally  and  distally,  and 
perform  an  end-to-end  anastomosis,  which  re¬ 
stores  pulsatile  flow  to  the  carotid  and  subcla¬ 
vian  arteries.  Prior  to  closing  the  incision,  you 
repeat  the  bronchoscopy  and  find  the  trachea 
to  be  of  normal  patency.  The  patient  awakens, 
neurologically  intact,  in  the  intensive  care  unit 
and  pursues  an  uneventful  course. 

DISCUSSION 

Blunt  injuries  to  the  brachiocephalic  vessels 
most  frequently  involve  the  innominate  artery 
but  are  seen  in  only  5%  of  patients  who  arrive 
at  an  emergency  facility  alive.  The  mecha¬ 
nisms  of  injury  include  sudden  and  violent 
deceleration,  crush,  or  traction  forces  that  re¬ 
sult  in  a  partial  or  complete  tear  with  or  with¬ 
out  thrombotic  occlusion,  usually  near  the 
origin  of  the  innominate  artery.  The  diagnosis 
in  this  case  was  apparent  from  the  physical  ex¬ 
amination,  which  demonstrated  absent  right 
axillary  and  common  carotid  artery  pulses  as¬ 
sociated  with  a  large  hematoma  in  the  rig 
supraclavicular  fossa  and  superior  med'ajf 

nal  widening  on  the  chest  roentgenogram-  ^ 
cause  of  persistent  hypotension,  the  P*. 
was  transferred  to  the  operating  room,  ^ 
out  formal  aortography  in  the  x-ray 
ment,  where  a  permanently  installed  ^  ^ 
was  available  for  fluoroscopic  imaging 1 
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1  situation  stabilized.  The  development 
ciiruc3  31  compression  by  the  mediastinal 
°f  tr!toma  became  apparent  soon  after  the  pa- 
h6lT1  rrived  in  the  operating  room,  but,  fortu- 
tient|v  ventilation  was  possible  without  the 
lament  for  cardiopulmonary  bypass. 

The  common  femoral  artery  and  vein  were 
initially  for  several  reasons:  to  permit 
Seduction  of  cardiopulmonary  bypass,  if 
necessary;  to  provide  access  for  rapid  rein¬ 
fusion  of  shed  blood  through  a  saphenous 
vein  cannula;  and  to  permit  aortography  un¬ 
der  controlled  circumstances  with  the  patient 
ready  for  immediate  thoracotomy.  Ideally, 
angiography  should  be  performed  in  all  pa¬ 
tients  if  they  are  hemodynamically  stable  so 
that  the  precise  nature  of  the  lesion  may  be 
identified  and  the  appropriate  incision  chosen. 
Computerized  tomographic  scanning  is  useful 
for  screening  purposes  only.  It  cannot  provide 
the  kind  of  information  required  to  formulate 
a  surgical  approach  precisely.  For  the  injury 
described  in  this  case,  the  proper  incision  is  a 
median  sternotomy  first,  with  a  right  cervical 
extension,  if  necessary. 

Retraction  or  division  of  the  innominate 
vein  provides  excellent  exposure  of  the  in¬ 
nominate  artery  bifurcation  and  facilitates  dis¬ 
tal  control.  Primary  repair  with  end-to-end 
anastomosis  of  the  debrided  proximal  and  dis¬ 
tal  ends  of  the  artery  should  be  performed  if 
the  repair  can  be  accomplished  without  ten¬ 
sion;  otherwise,  a  dacron  graft  interposition, 
or  bypass  from  the  aorta  to  the  distal  innomi- 
^te  artery  if  the  proximal  stump  is  too  short, 
should  be  done. 

This  patient's  left  common  carotid  artery 
^as  a  branch  of  the  innominate  artery;  fortu- 
a  e  y<  there  was  enough  of  an  innominate 


stump  beyond  the  left  carotid  to  allow  rep™ 
lonmg  of  the  clamp  to  permit  flow  thrZh 
the  left  carotid  and  still  have  enough  of  a 
stump  for  primary  repair.  Since  the  patient 
had  been  observed  to  move  all  extremities  in 
the  emergency  room  at  least  30  or  40  min  after 
the  accident,  in  the  absence  of  a  right  carotid 
pulse,  it  was  assumed  that  intracerebral 
collateralization  to  the  right  hemisphere  was 
adequate.  Intraoperative  observation  of  back 
bleeding  or  measurement  of  the  pressure  dis¬ 
tal  to  the  right  internal  carotid  artery  clamp 
would  have  confirmed  this  assumption.  If  it 
had  not  been  possible  to  reposition  the  proxi¬ 
mal  clamp  in  such  a  way  as  to  permit  flow 
through  the  left  internal  carotid,  cardiopulmo¬ 
nary  bypass  with  perfusion  of  the  left  internal 
carotid  or  deep  hypothermia  with  circulatory 
arrest  would  have  been  necessary  to  preserve 
cerebral  function. 
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A  41-year-old  patent  enters  the  hospital  for  evaluation  of  the  re- 
cent  onset  of  chest  pain  associated  with  exertion.  A  treadmill  Jst 
was  positive  and  the  patient  scheduled  for  cardiac  catheteriza 
tion.  The  angiogram  reveals  normal  left  ventricular  function  The 
left  anterior  descending  and  circumflex  coronary  arteries  are  nor¬ 
mal,  although  the  circumflex  system  is  small  with  tiny  obtuse 
marginal  branches.  There  is,  however,  a  1.5  cm  long  85%  narrow¬ 
ing  in  the  proximal  portion  of  a  large  right  coronary  artery  that 
the  cardiologists  wish  to  dilate.  You  are  asked  to  review  the  film 
and  agree  to  provide  surgical  backup  for  the  angioplasty,  which, 
at  the  patient7 s  request,  is  scheduled  for  the  following  week. 

The  patient  returns  to  the  hospital  as  an  "a.m.  admit"  after  a 
brief  workup  that  includes  a  duplex  scan  to  assess  the  presence, 
size,  and  patency  of  the  saphenous  veins.  You  and  your  team 
stand  by  with  an  operating  room  ready.  The  patient  is  placed  on 
the  catheterization  table  and  the  procedure  begins  with  a 
cutdown  over  the  right  brachial  artery  through  which  a  3  mm 
angioplasty  balloon  is  passed  into  a  guiding  catheter,  adjacent  to 
the  right  coronary  lesion.  The  balloon  is  slowly  inflated  to  6  at¬ 
mospheres  for  30  s  and  again  to  7  atmospheres  for  2  min.  Near 
the  end  of  this  inflation,  the  patient  becomes  bradycardic  and 
complains  of  chest  pain.  The  monitor  shows  ST  segment  eleva¬ 
tion  in  the  inferior  leads.  The  bradycardia  is  treated  with  atropine 
and  then  with  external  pacing  through  multifunction  monitoring, 
efibrillation,  and  cardioversion  electrodes,  which  had  been 
P  aced  over  the  right  scapula  and  the  apex  of  the  heart  prior  to 
e  procedure,  but  it  quickly  degenerates  into  ventricular  fibrilla- 
on-  After  four  attempts  at  defibrillation,  the  rhythm  is  converted 
0  a  s*rius  mechanism. 

c  ePeat  angiography  demonstrates  total  occlusion  of  the  right 
^■Onary  artery  about  a  centimeter  beyond  the  site  of  the  dilation. 

fortu'  ^  Su^>se^uen^  manipulation  of  the  guide  wire,  the  artery 
^  tously  opens,  revealing  a  spiral  dissection  involving  the  en- 
t  c°ronary  artery  from  its  origin  to  beyond  the  take-off  of 
braiThk110"  descending  branch.  The  posterior  descending 

ltsetf  can  no  longer  be  seen.  The  patient  remains  hemody- 
suddenl  complains  of  low  grade  chest  pain.  You  have 

y  been  thrust  onto  center  stage! 
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SOLUTION 

y°“  “orteatMenzaLn  laboratory,  order 
come  to  the  ca  oxygenator 

.  .  _  Dpfnre  the  patient  is  moved,  tney  m 
"  t  upon  developing  the  films  and  obtaining 
an  elecfrocardiogram.  This  reveals  significant 

ST  segment  elevation  in  the  inferior  leads.  The 
fflmSds  no  new  information  to  what  was 
seen  on  the  videotape.  After  a  quick  word  to 
the  patient  and  his  wife,  you  assist  with  his 

transfer  to  the  operating  room.  . 

On  the  operating  table,  the  anesthesiologis 
inserts  a  central  venous  line  and  an  arterial 
line,  as  shaving  and  prepping  are  earned  out. 
During  this  time,  the  patient  develops  ven¬ 
tricular  fibrillation  on  four  occasions,  despite  a 
bolus  of  lidocaine  and  an  ongoing  lidocaine 
drip.  All  four  episodes  are  easily  terminated 
using  the  external  electrodes  placed  in  the 
catheterization  laboratory  with  no  significant 
interruptions  in  otherwise  routine  but  acceler¬ 
ated  preparations. 

Upon  opening  the  pericardium,  you  see  a 
somewhat  distended  right  ventricle,  with 
akinesis  and  mottling  of  the  inferior  wall  in  the 
distribution  of  the  right  posterior  descending 
coronary  artery;  in  addition,  you  identify  a 
hematoma  in  the  wall  of  the  posterolateral 
branch,  which  extends  beyond  the  takeoff  of 
the  posterior  descending  coronary  artery. 
Once  on  cardiopulmonary  bypass,  you  ad¬ 
minister  cardioplegia  by  the  antegrade  and 
retrograde  routes  and  construct  vein  grafts  to 
the  posterior  descending  and  posterolateral 
branches.  You  terminate  bypass  easily  about  3 
hours  following  the  initial  closure  of  the  right 
coronary  artery.  The  inferior  wall  has  pinked 
up,  and  there  appears  to  be  a  slight  improve¬ 
ment  in  contractility.  You  transfer  the  patient 
to  the  cardiac  surgery  intensive  care  unit.  No 
further  ectopy  is  observed  during  the  remain¬ 
der  of  the  patient's  hospitalization. 

DISCUSSION 

myocardial  infarction  is  associated  with 
P«™y  ventricular  fibrillation  in  8%  to  15%  of 

the  onsetT^  wi'hin  a  few  hours  of 
onset  of  symptoms.  Survival  with  this 


arrhythmia  is  about  80%  and  its  recurrence ' 
unusual  more  than  48  hours  beyond  the  initf 
ating  event.  Presumably,  the  risk  of  ventricu. 
lar  fibrillation  is  increased  the  larger  the 
obstructed  artery  and  the  greater  the  territo™ 
it  subtends.  If  the  ventricular  fibrillation  oc¬ 
curs  in  a  setting  of  impaired  ventricular  func¬ 
tion,  the  survival  is  only  20%. 

Sinus  bradycardia  occurs  most  commonly 
with  inferior  myocardial  infarctions  and  is 
thought  to  result  from  stimulation  of  vagal  re¬ 
ceptors  in  the  posteroinferior  wall  of  the  left 
ventricle.  The  danger  of  the  slow  heart  rate  is 
that  it  facilitates  the  appearance  of  ectopic  foci 
and  may,  by  causing  low  cardiac  output,  pro¬ 
voke  further  ischemia  and  arrhythmias. 

Although  the  incidence  of  emergency  coro¬ 
nary  artery  bypass  grafting  following  failed 
coronary  angioplasty  is  only  3%  to  5%  and  in¬ 
creases  directly  as  the  number  of  vessels  di¬ 
lated  increases,  patients  for  whom  surgical 
backup  has  been  requested  may  be  classified 
at  higher  risk  for  morbidity  and  mortality 
since  the  lesions  chosen  for  surgical  backup, 
such  as  a  proximal  left  anterior  descending  or 
multivessel  disease,  are  more  likely  to  result  in 
catastrophic  consequences  to  the  patient  than 
dilation  of  a  small  diagonal  or  obtuse  marginal 
lesion.  Because  of  these  considerations,  pa¬ 
tients  undergoing  coronary  angioplasty  with 
surgical  backup  must  be  prepared  for  effective 
stabilization  and  rapid  transport  to  the  operat¬ 
ing  room.  Once  there,  the  time  spent  initiating 
electrocardiographic  and  hemodynamic 
monitoring  and  preparation  of  the  skin  shoul 
be  reduced  to  a  minimum  to  enable  the  sur 
gery  to  begin  quickly.  Time  is  muscle! 

To  accomplish  this  goal  requires  the  basic 
understanding  on  the  part  of  the  cardiologis 
that  every  angioplasty  patient  requiring  surgi 
cal  backup  is  a  potential  surgical  candidate  for 
emergency  surgery.  The  cardiologist  mus  , 
therefore,  have  some  concept  of  the  mec‘'an*\ 
of  preparation  required  to  initiate  a 
procedure  and  be  able  to  tailor  his  pr^~u^ 
to  minimize  the  surgical  set-up  time, 
quires  communication  between  the  car  io 
gist  and  the  cardiac  surgeon.  . 

Several  factors  conspired  to  delay  an 
crease  the  risk  of  surgical  intervention  m  ^ 
case.  The  angiographic  approach  select 
through  a  cut-down  exposure  of  the 
artery  (Sones  approach).  While  enabling 
isfactory  completion  of  the  procedure 
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-bating  the  need  for  the  prolonged  postpro- 
observation  required  after  the  femoral 
jrdkins)  approach,  the  disadvantages  include 
fhe  following:  (1)  extra  time  required  for  su- 
ure  repair  of  the  brachial  artery  and  skin 
Incision,  (2)  possibility  of  time-consuming 
thrombectomy  or  brachial  artery  angioplasty 
in  the  event  of  arterial  occlusion,  (3)  removal 
0f  a  line  that  could  be  used  to  monitor  arterial 
pressure,  and  (4)  absence  of  femoral  arterial 
access  for  intra-aortic  balloon  pumping  or  car¬ 
diopulmonary  support  techniques  that  may 
be  difficult  to  obtain  in  the  circumstance  of 
systemic  hypotension  or  cardiopulmonary  re¬ 
suscitation.  Conversely,  the  advantages  of  a 
femoral  approach  include  the  establishment  of 
arterial  and  venous  access  obtained  before  the 
procedure  begins,  which  can  then  be  kept  in 
place  to  enable  monitoring,  the  central  admin¬ 
istration  of  cardiotonic  and  vasoactive  drugs 
en  route  to  the  operating  room,  and  to  provide 
ready  access  for  balloon  counterpulsation  or 
cardiopulmonary  support. 

Protocols  for  the  surgical  backup  of  coro¬ 
nary  angioplasty  should,  therefore,  include 
the  following;  (1)  preprocedural  consultations 
by  the  cardiac  surgeon  and  anesthesiologist; 
(2)  determination  of  the  absence  of  contra¬ 
indications  to  surgical  intervention  both  be¬ 
fore  and  after  the  procedure;  (3)  appropriate 


consent  and  crossmatching  of  blood;  (4)  a 
preprocedural  skin  preparation  of  the  chest 
and  extremities  with  alcohol  or  another  bacte¬ 
ricidal  detergent  to  de-fat  the  skin,  allowing  a 
single-stage  iodophor  skin  preparation  in  the 
operating  room,  if  necessary,  with  or  without 
Pn°r  shaving;  (5)  availability  of  circulatory 
support  devices  (intra-aortic  balloon  pump, 
cath  l0Pu^monary  support  systems)  in  the 

ava  ki”23^011  laboratory'  with  personnel 
1  a  e  to  operate  them;  (6)  preparation  of 


a^r  t0f.a"  0peratin8  on  the  same  fbor 
as  the  catheterization  laboratory  to  avoid  wait¬ 
ing  for,  and  transport  on,  elevators.  The  ideal 
circumstance  would  be  for  physicians  to  per¬ 
form  angioplasty  in  a  surgical  suite  that  con¬ 
tains  dnefluoroscopy  equipment. 

The  key  to  optimizing  the  safe  performance 
of  any  procedure  that  traverses  the  boundaries 
of  two  specialties  is  the  communication  that 
enables  its  execution  with  maximum  effi¬ 
ciency. 
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You  have  performed  an  uneventful  reoperation  for  recurrent  an 
gina  in  a  75-year-old  patient  4  months  following  his  initial  coro¬ 
nary  revascularization  procedure.  The  reoperation  includes 
grafting  of  the  left  internal  thoracic  artery  to  the  intermediate  cir¬ 
cumflex  coronary  artery,  the  right  internal  thoracic  artery  to  the 
right  coronary  artery,  and  the  cephalic  vein  to  the  distal  obtuse 
marginal  coronary  artery.  During  the  procedure,  you  enter  both 
pleural  spaces,  which  now  communicate  with  the  pericardium. 
You  insert  right  and  left  pleural,  as  well  as  posterior  pericardial 
and  anterior  mediastinal  chest  tubes  at  the  end  of  the  procedure. 

In  the  intensive  care  unit,  you  notice  a  small  right  pleural  air 
leak.  On  the  second  postoperative  day,  the  patient  pulls  out  his 
right  pleural  tube,  but  there  is  continued  egress  of  air  from  the 
anterior  mediastinal  tube.  At  this  time,  the  patient  develops  a 
fever  associated  with  leukocytosis  and  a  low  systemic  vascular 
resistance,  and  you  add  a  broad  spectrum  antibiotic  to  the 
patient's  regimen. 

Twenty-four  hours  later,  the  patient  complains  of  severe  epi¬ 
gastric  pain.  The  morning' s  routine  chest  roentgenogram  shows 
a  collection  of  subdiaphragmatic  air  as  well  as  a  small  right  pneu¬ 
mothorax.  Air  continues  to  exit  in  small-to-moderate  amounts 
from  the  anterior  mediastinal  tube.  Physical  examination  reveals 
exquisite  epigastric  tenderness,  minimal  abdominal  distension, 
no  guarding,  and  no  rigidity.  Bowel  sounds  are  present.  A 
meglumine  diatrizoate  (Gastrografin)  swallow,  which  outlines 
the  esophagus,  stomach,  duodenum,  and  proximal  jejunum,  re¬ 
veals  no  extravasation.  The  patient  continues  to  appear  septic, 
ow  will  you  guide  this  patient's  subsequent  management? 
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SOLUTION 

Ymi  find  the  combination  of  signs  (fever, 
pneumoperitoneum)  and  symptoms  (eptgas- 
tenderness  with  an  otherw.se  berngn  ab¬ 
dominal  examination)  puzzling  and  elect 
abdominal  exploration.  With  the  assistance ;  of 
the  general  surgeons,  this  is  accomplished  us¬ 
ing  a  laparoscope.  You  discover  a  hematoma 
in  the  upper  anterior  portion  of  the  parietal 
peritoneum  at  the  site  of  the  posterior  pericar¬ 
dial  tube,  which  had  been  removed  previ¬ 
ously.  This  probably  accounts  for  the  patient's 
epigastric  tenderness.  The  anterior  mediasti¬ 
nal  tube,  which  still  remains,  traverses  the 
peritoneum  on  its  way  to  the  pericardium. 
One  of  the  side  holes  of  the  tube  is  visible  in 
the  peritoneal  cavity.  Clearly,  the  right  pleural 
air  leak  has  decompressed  through  the  pericar¬ 
dium  and  into  the  peritoneal  cavity  through  the 
exposed  side  hole.  The  remainder  of  the 
laparoscopic  examination  reveals  no  pathol¬ 
ogy.  The  mediastinal  tube  is  withdrawn  and  a 
new  right  pleural  tube  inserted.  The  remainder 
of  the  patient's  recovery  is  uneventful. 


DISCUSSION 


This  patient  demonstrated  an  unusual  cau$ 
for  pneumoperitoneum  without  peritoniti 
The  laparoscopic  examination  was  performe 
to  clarify  a  confusing  clinical  picture,  compl 
cated  by  the  presence  of  a  pneumoperitoi 
eum,  with  the  least  risk  and  discomfort  to  tf 
patient  and  to  avoid  missing  a  potentially  lif< 
threatening  abdominal  condition. 

Air  has  been  reported  to  pass  from  the  m< 
diastinum  to  the  peritoneum  through  the  du 
phragmatic  hiatuses  or  rupture  into  th 

Pneumoperitoneum  without  peritonitis  he 
been  reported  to  result  from  pneumatos 

tion,  and  irrigation  nif  *  ^  visceral  perfor; 
Peroxide.  Distension tfTT n  ^  hydro8e 
interposition  of  the  h  Poow  viscus  an 
the  dome  of  the  dianh ' flexure  hetwee 

w“-^owncaitP1rg";a"d,helivCT»' 

««*«isan^ru^Peri'0neum' 

“"f  hs  «ioioJ.r?“"; boul  the  d»P>os 

"ntion  of  th^bdominllUeParoSC°pic  «*■» 
'0rmed  with  liHfe  “vty  can  be  pe 
'Sk  ™  a  high  degree « 


accuracy.  C  holecystectomy,  bow*, 
nephrectomy,  and  inguinal  hem,! 
be  performed  laparoscopic*,,  ^  ca. 

The  incidence  of  the  acute  aurgtm,  . 
men  following  cardiac  surgery  is  yI  abd°- 
The  most  common  disorders  relate  t  °'3%' 
plications  of  peptic  ulcer  disease  (hi  m' 
perforation),  cholelithiasis,  and  redu  r  "8' 
mesenteric  blood  flow  resulting  from  °n  m 
zation  or  conditions  of  low  cardiac 
Other  disorders  that  have  occurred  S 
author's  experience  include  acute  append  * 
tis,  incarcerated  inguinal  hernia, acutehe nT 
failure  in  a  patient  with  known  chronic  art 
hepatitis,  colonic  perforation,  and  ruphlre  0f 
an  abdominal  aortic  aneurysm. 

The  operative  mortality  of  the  acute  surgical 
abdomen  following  cardiac  surgery  is  25% 
The  operative  mortality  rate  increases  if  the 
cardiac  surgical  procedure  is  an  emergency 
involves  combined  procedures  (coronary  ar¬ 
tery  bypass  grafting  in  conjunction  with  valve 
replacement  or  aneurysmectomy)  with  more 
time  spent  on  cardiopulmonary  bypass,  or  is 
associated  with  a  complex  postoperative 
course  that  includes  hemorrhage,  pericardial 
tamponade,  and  mediastinitis.  The  risks  are 
compounded  if  they  lead  to  acute  renal  or 
pulmonary  failure,  stroke,  sepsis,  ileus,  or  pro¬ 
longed  hypotension.  Any  delay  in  the  diagno¬ 
sis  and  exploration  further  increases  the  risk  of 
morbidity  and  mortality.  It  will  be  of  interest 
to  leam  whether  or  not  the  incidence  of  intra¬ 


abdominal  catastrophe  increases  as  more  car¬ 
diac  surgery  is  performed  that  incorporates 
continuous  warm  retrograde  cardioplegia  in 
conjunction  with  normothermic  (or  mildly  hy¬ 
pothermic)  total  body  perfusion.  One  might 
predict  an  increased  incidence  of  ischemic 
events  in  organ  systems  subtended  by  arterio¬ 
sclerotic  vascular  beds  if  transient  reduction  of 
flow  occurs  in  the  presence  of  normothermia. 

Probably  the  best  way  to  screen  patients  for 
the  likelihood  of  postoperative  abdomina 
complications  is  by  a  careful  review  of  t  e 
history  that  suggests  prior  disorders  of  t  ® 
various  organ  systems.  Biochemical  an 
physiologic  assessment  of  organ 
reserve  may  suggest  that  certain  preven 
measures  should  be  taken  to  reduce  the ? 
dence  and  risk  of  complications  or  t  a 
gery  be  delayed  or  deferred  altogether. 
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An  85-year-old  patient  presents  with  a  history  of  multiple  near- 
syncopal  episodes.  On  admission,  she  is  found  to  be  in  complete 
heart  block  with  a  ventricular  rate  in  the  low  30's.  The  patient  is 
taking  no  cardioactive  drugs  and  has  no  electrolyte  imbalance- 
her  cardiologist  requests  that  you  implant  a  permanent  endocar¬ 
dial  pacemaker  at  your  earliest  convenience.  Because  of  a  slow 
atrial  rate,  you  both  believe  the  patient  could  benefit  from  dual 
chamber  pacing  and  elect  to  implant  a  DDD  pulse  generator. 

At  surgery,  the  patient  is  comfortable  in  the  supine  position 
with  a  blood  pressure  of  150/90  mm  Hg.  She  remains  in  com¬ 
plete  heart  block.  After  prepping  and  draping  the  upper  chest 
and  neck,  you  anesthetize  the  line  of  the  proposed  skin  incision 
and  the  site  of  the  pulse  generator  pocket  with  a  solution  of  1  % 
lidocaine  to  which  you  have  added  sodium  bicarbonate  in  a  1:9 
ratio  to  eliminate  the  burning  sensation  of  the  local  anesthetic  as 
it  infiltrates  the  skin.  You  divide  the  skin  and  subcutaneous  tissue 
and  reach  the  pectoralis  fascia.  Using  blunt  and  sharp  dissection, 
you  create  a  pocket  to  receive  the  pulse  generator.  Having  placed 
the  patient  in  a  slightly  head-down  position,  you  enter  the  right 
subclavian  vein  with  a  single  stick  and  pass  a  J  wire  into  the  right 
atrium.  You  mold  a  gentle  curve  into  the  pacemaker  lead  intro¬ 
ducer,  and  it  negotiates  the  curve  into  the  superior  vena  cava 
with  ease.  You  then  pass  a  tined  ventricular  lead  containing  a 
curved  stylet  through  the  introducer  into  the  right  atrium  and 
remove  the  introducer.  As  you  prolapse  the  body  of  the  lead 
across  the  tricuspid  valve  into  the  right  ventricle  there  are  a  few 
premature  ventricular  contractions,  but  you  are  pleased  to  see  the 
tip  of  the  lead  find  its  way  through  the  right  ventricular  outflow 
tiact  and  into  the  pulmonary  artery.  This  is  going  to  be  an  easy 
°ne.  You  exchange  the  curved  stylet  for  a  straight  one,  which  you 
advance  into  the  lead  as  you  withdraw  it  from  the  pulmonary 
artery ,  allowing  the  tip  to  straighten.  With  the  gentle  pressure 
and  "tissue  sense"  gained  from  many  similar  procedures  m  the 

Past,  you  nudge  the  tip  of  the  lead  into  the  apex  of  the  nghtven- 
lnde-  Almost  before  you  can  react,  you  notice  that  the  lead  has 
assumed  the  shape  of  a  reverse  C  on  the  fluoroscopy 

tjt  Has  passed  into  the  subclavian  vein  virtually  to  the  hil  ■ 

011  *form  the  anesthesiologist  to  be  alert  for  trouble. 
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SOLUTION 

Because  you  ^‘^^eaTsXequently 
,ar  contractions  and  know  that 

pass  into  the  puim  naty  ^  ^  coronary 
this  is  not  a  matter  °;  ^oroscope  tom  the 
sinus.  Just  to  be  sure,; ^ document  the  proximal 
lattral  P^°"  anterior  in  the  right 

P0*0"  Stable,  unbelievable,  con- 

ventnele-  ™  J^P  ^orated  the  right 

ventricuiaraplit  ami  enterwi  the  pericardial 
space  You  teU  the  circulating  nurse  to  set  up  a 
i  prep  tray  and  to  bring  in  a  pencard- 
.ocenLis  set,  as  well  as  a  thoracotomy  set  for 
a  possible  sternotomy  incision.  You  request 
that  the  anesthesiologist  set  up  a  pressure 


transducer. 

Although  the  patient  has  remained  hemo- 
dynamicaUy  stable  and  you  believe  the  risk  of 
pericardial  tamponade  to  be  minimal  as  long 
as  the  ventricular  lead  is  left  where  it  is,  you 
elect  not  to  insert  an  atrial  lead,  afraid  to  com¬ 
pound  the  problem  with  an  atrial  perforation. 
You  remove  the  ventricular  lead  and  with¬ 
draw  it  into  the  right  ventricle.  As  you  do  so, 
the  tip  engages  the  trabeculae  near  the  inser¬ 
tion  sites  of  die  papillary  muscles  of  the  tricus¬ 
pid  valve.  Moving  quickly,  you  ascertain  that 
the  sensing  and  pacing  thresholds  are  within 
acceptable  parameters,  fix  the  lead  to  the 
pectoralis  fascia,  and  connect  it  to  a  ventricular 
demand  pulse  generator,  which  produces 
screen  after  screen  of  ventricular-paced  beats 
as  you  secure  hemostasis  and  close  the  subcu¬ 
taneous  tissue  and  the  skin. 


As  you  complete  the  skin  closure,  this  tru 
gargantuan  patient  becomes  restless,  floppii 
and  heaving  about  on  the  table  like  a  beachc 
whale.  The  anesthesiologist  informs  you  th 
t  e  blood  pressure  has  fallen  to  90/60  mm  h 
and  begins  administering  a  lot  of  "OK  OF 
an«thesia.  There  can  be  no  doubt  as  to  what 
y°u  off  the  drapes,  splas 
NMeT-°'*'0dr  (Betadine),  attempt 

pericardiocentesis Cneedlearufln,ri^r^b  ^ 

harP°on  this  writhing  ? laC10us 

your  needle  doesn't^  ? h°pm8 th 
coronary  artery  You  a*  6rate  the  heart  or 
draw  the  needle  l-a  blood  and  ^ 

-th^whicry0u  a;?behlnd  an  8-inc 
connected 


dtal  pressure  tracing  y()u  „  *«*  Par**, 
and  begin  aspirating  the  blood  J,i 
ited,  high-spirited  resolve  wa! 
intrapericardial  pressure  drop  fr  hln8  ‘he 
mm  Hg  as  the  systemic  blood  press°m  15  l°  3 
its  former  level,  and  the  patient 
and  a  quivering  sigh,  begins  a  ful 
snore  to  re-enter  the  realm  of  a  lost  d 
ter  draining  about  200  cc  of  blood 
pericardium,  you  connect  the  pericardii the 
eter  to  a  vacuum  drainage  bottle  and 
the  patient  for  the  next  24  houre  in  the^* 
sive  care  unit.  After  that  time,  there  b  ^ 
minimal  drainage,  stable  hemodynamicTllS 
no  reaccumulation  of  pericardial  fluid  « 2? 
termined  by  echocardiography,  you  removt 
the  catheter,  and  the  remainder  of  the  patient- 
recovery  is  unremarkable. 


DISCUSSION 

The  implantation  of  permanent  endocardial 
pacemakers  is,  ostensibly,  a  straightforward 
surgical  procedure,  yet  can  be  complicated  by 
acute  problems  that  require  immediate  diag¬ 
nosis  and  appropriate  action.  In  this  case,  the 
occurrence  of  pericardial  tamponade  was  an¬ 
ticipated,  in  the  knowledge  that  the  catheter 
had,  without  any  doubt,  entered  the  right  ven¬ 
tricle  (based  upon  the  induction  of  a  few  pre¬ 
mature  ventricular  contractions  and  the 
presence  of  the  lead  in  the  pulmonary  artery) 
and  not  the  coronary  sinus. 

If  one  can  predict  the  presence  of  a  bloody 
pericardial  effusion,  it  is  extremely  useful  to  be 
able  to  differentiate  between  blood  that  has 
extravasated  into  the  pericardium  and  blood 
that  comes  from  within  the  right  ventricle. 
With  the  goal  being  the  withdrawal  of  as 
much  blood  as  possible  in  the  shortest  time,  it 
is  comforting  to  know  that  the  aspirating  ca 
eter  is  in  the  pericardium  and  not  the  rig 
ventricle.  This  kind  of  reassurance  cannot 
provided  by  pericardiocentesis  techmqu 
that  rely  upon  needle-induced  electrocar^ 
graphic  evidence  of  myocardial  injury  ^ 
elective  circumstances,  in  the  intensive^  ^ 
unit,  or  under  emergent  but  anticip*  ^ 
cumstances  in  the  operating  room, 1  ^ 

sible  to  set  up  a  pressure  transducer  ^^eter 
unerringly  identify  the  location  0 
by  displaying  a  pericardial  or  a  ng 
lar  pressure  tracing  on  the  monitor- 
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use  of  stylets  to  aid  in  seating  paCe- 

.  r  leads  is  a  common  practice.  It  is  prob- 
Hjr:  wiSe  to  use  the  thinnest  gauge,  most 
a  ^ble  stylet  available  and  to  keep  it  with- 
f  awn  a  half  centimeter  from  the  tip  of  the 
1  ad  to  provide  the  maximum  lead  flexibility 
during  implantation.  The  perforation  in  the 
resent  case  occurred  with  absolutely  no  sen- 
£jtion  of  the  lead  perforating  the  myocardium, 
the  only  evidence  provided  by  the  striking 
and  painfully  obvious  image  of  the  lead  tra¬ 
versing  a  lazy  arc  in  the  pericardial  space  on 
the  fluoroscopy  screen.  This  occurrence  is 
more  likely  to  happen  in  a  myocardium  that 
has  been  recently  infarcted;  in  such  circum¬ 
stances,  efforts  should  be  made  to  avoid  the 
right  ventricular  apex  and  to  locate  the  lead  in 
the  base  of  the  right  ventricle,  which  is  rarely 
infarcted  or,  using  a  screw-in  lead,  to  affix  it  to 
the  interventricular  septum  or  the  pulmonary 
outflow  tract. 

In  some  circumstances,  specifically  in  the 
presence  of  a  tricuspid  valve  prosthesis,  it  is 
either  inadvisable  or  impossible  to  pass  a  lead 
into  the  right  ventricle.  If  the  valve  replace¬ 
ment  is  remote  in  time,  ventricular  capture 
may  be  achieved  with  a  lead  passed  into  the 
coronary  sinus  and  down  the  posterior  or 
anterior  descending  veins.  If  appropriate  sens¬ 
ing  or  pacing  thresholds  cannot  be  achieved 


tt^ough  a  left  anterior  thorTV^0^  or 
t0  obviate  this  probll T™V horder 
should  be  implanted  at  the  J  1Car^lal  leads 
valve  replacement.  ^  °f 

Another  acute  problem  relating  to  lead 
plantation  with  a  similar  clinical  presentation 

theTbH  pneumothorax;  however,  entry  into 

c^nH  ^  "“b  3  sin8le  stick  sfgnifi- 

cantly  reduced  the  likelihood  that  the  paSs 

llemma  resulted  from  a  pneumothorax 
caused  by  a  laceration  to  the  apex  of  the  lung. 
Other  less  frequent  problems  of  implantation 
include  perforation  of  the  junction  of  the  supe¬ 
rior  vena  cava  and  the  innominate  vein  with 
an  introducer  and  cannulation  of  the  subcla¬ 
vian  artery  with  pacing  established  from  the 
apex  of  the  left  ventricle. 

It  is  of  critical  importance  that  individuals 
who  implant  pacemakers  be  aware  of  the  ra¬ 
pidity  with  which  patients  can  find  them¬ 
selves  thrust  into  life-threatening  situations 
during  a  procedure  that  is  so  "simple."  Be¬ 
cause  of  this,  primary  pacemaker  implanta¬ 
tion  should  be  performed  in  an  operating 
room  with  an  anesthesiologist  in  attendance 
who  can  deal  with  the  unruly  or  unstable  pa¬ 
tient  while  the  surgeon  deals  with  the  under¬ 


lying  emergency. 
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have  been  asked  to  perform  coronary  artery  bypass  surgery 
YoU  -vear-old  patient  with  impaired  left  ventricular  function, 

00  3  distal  disease,  and  limited  run-off  into  the  coronary  bed. 
S^use  of  pre-induction  ischemia  manifested  by  ST  segment 
H  ees  on  the  monitor  and  transient  elevations  in  the  pulmo- 
cn  artery  pressure,  you  insert  an  intra-aortic  balloon  pump 
Drier  to  mediastinotomy.  With  appropriate  counterpulsation  and 
^harmacologic  adjustments  of  the  patient's  hemodynamics,  a  de- 
Le  of  stability  is  achieved  that  permits  harvesting  of  the  saphe¬ 
nous  vein  and  cannulation  to  proceed  in  a  safe  and  routine 
manner.  Employing  antegrade-retrograde  crystalloid  cardio¬ 
plegia  with  ultrafiltration,  you  construct  grafts  to  the  left  anterior 
descending,  diagonal,  circumflex,  and  right  coronary  arteries  and 
are  able  to  terminate  cardiopulmonary  bypass  with  balloon 
counterpulsation  and  atrial  pacing,  without  inotropic  support. 

In  the  immediate  postoperative  period,  the  mediastinal  tubes 
drain  about  150  cc/hour.  This  is  associated  with  a  platelet  count 
of  52,000  per  mm3 and  a  partial  thromboplastin  time  of  106  sec. 
With  evidence  for  a  coagulopathy,  as  well  as  the  fact  that  the  pa¬ 
tient  had  ingested  aspirin  prior  to  surgery,  you  administer  fresh 
frozen  plasma  and  platelets  and  start  positive  end-expiratory 
pressure  to  help  compress  the  mediastinal  structures  and  poten¬ 
tial  mediastinal  bleeding  points.  Over  the  next  several  hours,  the 
bleeding  stops,  the  hemodynamics  remain  stable,  and  you  settle 
®  ^or  a  good  night' s  sleep. 

The  telephone  jangles  the  instant  your  head  touches  the  pillow; 
y  course,  it  is  your  faithful  nurse  in  the  intensive  care  unit  in- 
orming  you  that  your  patient's  blood  pressure  has  dropped  to  70 
Hg  systolic  at  about  the  same  time  that,  after  several  hours  of 
aut  ^ra^a8e'  300  cc  of  warm  red  blood  had  gushed  into  the 
_°transfusion  bag.  The  nurse  has  started  a  dopamine  drip  and 
Preparing  to  reinfuse  the  shed  blood,  and  you  decide  you  had 
■^r  move  fast! 


betti 


127 


SOLUTION 

. nurse  to  call  the  operating 
immobilize  the  cardiac  surgical  team,  as 

well  as  .he  blood  bank  to 
the  Patient  for  additional  units  of  blood.  As 
you  jump  into  the  car,  you  know  that  the  oper¬ 
ating  room  will  call  in  the  heart  nurses,  cardiac 

anesthesiologist,  and  perfusionist  who  will,  at 

the  very  least,  run  the  cell  saver.  When  you  ar¬ 
rive  in  the  intensive  care  unit  20  min  later,  you 
help  prepare  for  the  patient's  immediate  trans¬ 
fer  to  the  operating  room,  always  a  clumsy 
business,  more  so  tonight  because  of  the  venti¬ 
lator  and  the  balloon  pump  console.  You  are 
not  satisfied  with  the  patient' s  blood  pressure 
response  to  volume  infusion:  the  monitor 
shows  an  atrially  paced  rate  of  90,  the  intra¬ 
aortic  balloon  is  firing  on  a  1:1  setting,  the 
dopamine  is  running,  but  the  blood  pressure 
remains  in  the  80's. 

Pushing  the  ventilator  and  bed,  pulling  the 
balloon  console,  with  a  pole  of  infusion  pumps 
rattling  and  lurching  behind  you,  your  cara¬ 
van  clatters  down  the  hallway,  jolted  to  an  oc¬ 
casional  abrupt  stop  as  the  bed  hits  a  door 
jamb,  swinging  around  comers  in  a  massive 
arc  and  pinning  the  anesthesiologist,  who 
loses  the  bag  for  a  breath  or  two,  against  the 
wall,  finally  to  enter  the  ice-cold  operating 
room  where  the  scrub  nurse  is  well  on  her  way 
to  being  set  up. 

You  never  really  notice  when  the  blood 
pressure  disappears.  All  you  know  is  that  the 
anesthesiologist  is  telling  you  there  is  none. 
You  pull  down  the  bed  rail,  tear  off  the  dress¬ 
ing  and  cut  through  the  steristrips  as  a  circu- 
lating  nurse  throws  on  the  povidone  iodine 
Betadme).  You  quickly  reach  the  wires,  cut 
them,  and  insert  a  retractor.  The  blood  wells 
up  and  as  you  clear  away  some  clot,  taking 

Jhr°  avulse  a  8^  you  despair  to  find 
the  heart  motionless.  As  you  begin  cardiac 
passage,  you  glance  at  the  pacing  s  Jk«  on 

pu mp0  Fortu nate^ * e  *»Moon 

of  massage  the  int^  PrKfUre  After  10 
»d  calcium  chlorWe  Eb"  epinePhrine 
ventricle,  and  a  sinol V^*  *9**  of  the  Ieft 
Store  a  regular  rhythtndfs^Sal,K‘!n'  you  *• 

sure,  and  transfer  ,h„"\a  Slable  Wood  pres- 
fcW*.  You  identify  «*  operating 

proximal  and  diL  ^«n^“'8  P°mB  « 

anastomoses  of  the  diago- 
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tion.  After  an  initial  period  0f 
encephalopathy,  the  patient  makL  hen,ic 
covery  and  leaves  the  hospital  in  !** ful1 
condition.  ^  n  ^^factory 


DISCUSSION 

Bleeding  in  excess  of  10  cc/kg  for  anv  k 
5  cc/kg  for  each  of  the  first  3  hours 
operative  period,  is  an  indication  for  €xd, 
tion  to  rule  out  a  surgical  cause.  This 
can  be  modified  by  the  early  identification^^ 
coagulopathy  that  is  amenable  to  prompt  co 
rection  with  pharmacologic  agents  or  specific 
blood  products  such  as  fresh  frozen  plasma 
specific  clotting  factors,  and  platelets.  In  the 
present  case,  a  coagulation  disorder  was  not 
suspected  until  after  the  patient  had  arrived  in 
the  intensive  care  unit,  where  fresh  frozen 
plasma  and  platelets  were  given.  This  treat¬ 
ment  induced  clotting  but  resulted  in  a 
multiloculated  mass  that  accumulated  in  the 
mediastinum  and  pericardium  and  essentially 
obstructed  free  drainage  through  the  chest 
tubes,  despite  the  efforts  of  the  intensive  care 
unit  nurses  to  keep  them  patent.  Had  the 
coagulopathy  been  suspected  in  the  operating 
room,  the  blood  products  would  have  been 
administered  there  so  that  their  effect  could  be 
evaluated  and  excess  clot  formation  removed 
with  the  chest  open  to  prevent  a  near-cata¬ 
strophic  tamponade.  It  is  always  better  to 
spend  whatever  time  is  required  to  secure 
hemostasis  by  surgical  or  medical  means  at 
the  initial  procedure. 

When  a  coagulopathy  is  treated  in  the  inten¬ 
sive  care  unit,  one  must  be  on  constant  alert 
for  the  development  of  tamponade;  the  cessa¬ 
tion  of  bleeding  through  the  chest  tubes  must 
never  be  regarded  as  the  cessation  of  bleeding, 
which,  as  in  this  case,  can  continue  to  filin’* 
pericardium,  unable  to  drain  through  clot 
structed  tubes.  Pericardial  tamponade  earn* 
cur  whether  or  not  the  pericardium  and 
pleural  spaces  remain  open.  Opening 
pleural  spaces  may,  in  fact,  be  disadvan 
geous,  permitting  occult  blood  loss  ^ere  e 
is  never  reflected  in  the  chest  tube  rar  ^  ^ 
and  may  be  identified  only  on  the  s  w 
chest  roentgenogram,  if  the  thought  oc  ^  ^ 
anyone  and  if  the  clinical  situation  p® 
time  to  be  spent  obtaining  it. 
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Attempts  to  clear  mediastinal  tubes  using 

bolectomy  catheters  may  clear  the  lumen  of 
*  ^  will  not  clear  the  mass  of  clot  envelop- 
C  g  the  tubes;  furthermore,  there  is  a  risk  of 
perforating  the  heart  and  introducing  infec- 
Hon  using  this  method.  A  more  effective 
means  of  pericardial  decompression,  other 
than  mediastinotomy  in  the  intensive  care 
unit,  is  removal  of  the  tubes  altogether. 

Rapid  re-entry  into  the  chest  of  an  unstable 
patient  is  decidedly  facilitated  by  using  a 
subcuticular  suture,  and  not  staples,  to  close 
the  initial  chest  incision.  If  the  patient  is  espe¬ 
cially  unstable,  reoperation  may  be  performed 
safely  in  the  intensive  care  unit.  This  avoids 
the  time  lost,  risks,  and  inconvenience  of 
transport  to  the  operating  room,  but  still  re 
quires  the  presence  of  operating  room  nurses 
and  availability  of  a  fiberoptic  headlight. 

The  most  frequent  causes  of  nonsurgical 
bleeding  include  inadequate  neutralization  of 
heparin,  thrombasthenia  related  to  aspirin  in¬ 
gestion,  thrombocytopenia,  hyperfibrinolysis, 
clotting  factor  deficiencies,  and  disseminated 
intravascular  coagulation.  These  disorders  are 
usually  treated  with  fresh  frozen  plasma  and 
platelets.  With  regard  to  pharmacologic 
agents,  the  use  of  desmopressin  acetate 
(DDAVP)  is  controversial  at  best,  with  several 
series  demonstrating  no  benefit  in  reducing 
postoperative  hemorrhage  and  others  actually 
documenting  a  30%  increase,  possibly  second¬ 
ary  to  a  three-  to  four  fold  increase  in  the  level 
of  tissue  plasminogen  activator,  which  results 
m  a  fibrolytic  state.  Aprotinin  is  a  proteinase 
inhibitor  that  has  been  associated  with  signifi- 


ssSrSfssa 

eased  requirements  for  heparin  during  car- 
fridih1^'  Am‘Car  fepsta-aminocaproic 

ad  has  used  to  treat  primary  fibril. 

“  ufd  m  “or  to  treat  fibrinolysis  second¬ 
ary  to  disseminated  intravascular  coagulation 
iffuse  intravascular  thrombosis  may  result. 
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This  hasn't  been  a  time  you  care  to  remember.  Not  only  had  your 
recent  evening  at  the  "Phantom  of  the  Opera"  been  unceremoni¬ 
ously  shattered  but  you  can  only  marvel  at  the  telephone  caU  you 
receive  some  days  later  from  the  intensive  care  unit.  You  had  per¬ 
formed  a  mitral  valve  replacement  for  mitral  stenosis  in  an  other¬ 
wise  healthy  patient.  You  would  have  preferred  to  replace  the 
valve  with  preservation  of  the  chordae  tendinae  and  papillary 
muscles,  but  owing  to  thickened,  calcified  leaflets  and  fused 
chordae  tendinae,  this  was  not  possible.  The  procedure  had  been 
straightforward  and  you  are  utterly  baffled  as  to  why  you  find 
yourself  climbing  into  your  car  once  again  at  2  o'clock  in  the 
morning  to  see  a  patient  with  deteriorating  blood  gases  and  with 
what  the  nurse  believes  to  be  a  massive  right  pleural  effusion  on 
a  chest  roentgenogram  she  had  ordered.  This  case  had  not  been  a 
reoperation;  you  had  not  knowingly  violated  the  pleural  space 
during  the  sternotomy  or  during  the  lateral  extension  of  the 
pericardiotomy  at  the  diaphragm;  and  there  had  not  been  any 
significant  drainage  from  the  mediastinal  catheters,  a  drop  in  he¬ 
matocrit,  or  hemodynamic  instability  to  suggest  ongoing  blood 
loss. 

Upon  your  arrival  in  the  intensive  care  unit,  you  see  that  the 
chest  film,  indeed,  shows  a  large  right  pleural  effusion.  The  im¬ 
mediate  postoperative  film  had  demonstrated  clear  lung  fields. 
Where  had  that  effusion  come  from? 


SOLUTION 

You  perform  a  thoracentesis  in  the  midaxillary 
line  in  the  fifth  intercostal  space  and  eas  y 
withdraw  a  syringe  full  of  clear  ye  ow  ui  . 
You  insert  a  chest  tube  at  the  same  s,t* , and 
watch  1500  cc  of  the  same  fluid  rapidly  fill 
drainage  bottle.  A  repeat  chest  film  demon¬ 
strates  resolution  of  the  effusion.  It  also  sug¬ 
gests  that  a  central  venous  line,  which  had 
been  inserted  through  the  left  internal  jugular 
vein,  appears  to  have  migrated  slightly  to  the 
right.  Could  its  tip  be  in  the  right  pleural 
space?  You  add  some  methylene  blue  to  the 
bottle  of  5%  albumin  that  is  running  through 
the  line  and  soon  observe  that  the  drainage 
from  the  pleural  space  acquires  a  greenish  hue. 
Having  confirmed  your  suspicion,  you  elect  to 
return  the  patient  to  the  operating  room  where 
you  observe  the  tip  of  the  central  venous  line 
protruding  through  the  junction  of  the  innomi¬ 
nate  vein  with  the  superior  vena  cava.  As  the 
anesthesiologist  slowly  withdraws  it,  you  con¬ 
trol  the  puncture  site  with  a  suture,  return  the 
patient  to  the  intensive  care  unit,  and  return  to 
your  thoughts  and  your  bed,  thoroughly  con¬ 
vinced  that  there  must  be  a  phantom  haunting 
the  operating  room  as  well. 


DISCUSSION 

It  is  distracting  during  a  cardiac  surgical  pro 
cedure  to  experience  problems  with  th 
cannulations  required  for  monitoring  and  th 
conduct  of  cardiopulmonary  bypass.  The  in 
sertion  of  the  central  venous  line  through  th 
left  internal  jugular  vein  represented  a  depai 
ture  from  the  usual  insertion  site  through  th 
right  internal  jugular  vein.  Central  venou 
lines  are  usually  inserted  through  the  right  ir 
temal  jugular  vein  because  of  the  relativel 
straight  course  provided  to  access  the  superic 
vena  cava  and  the  right  side  of  the  heart.  Th 
left  side  had  been  used  in  this  case  because  c 
anticipated  difficulties  passing  lines  throug 
or  near  scar  tissue  associated  with  thi 

Al^  KPM°r  right  Carotid  endarterectonv 
Although  blood  had  been  easily  aspirate 
trough  the  catheter  immediately  upon  inse 
to,  the  ftp  of  ,he  catee,  ^ 

£  ££?  b*W“n  ,hC 
ta8,he“pto^P>toa.xc*:i; 


nosis  had  been  confirmed,  surgical «> 
tion  was  elected  to  directly  repair  thk 
there  being  no  structures  other  than  th  *!°le' 
able  to  tamponade  the  defect  with  th  6  ^ 
degree  of  reliability  as  a  well-placed  Sul!!me 

Numerous  other  complications  of  celv 
central  venous  cannulation  have  been  d 
scribed.  These  include  injury  to  the  carotid  It 
tery;  phrenic  or  other  cervical  nerves;  and  t 
the  thoracic  duct,  especially  on  the  left  sid° 
Unintentional  cannulation  of  a  carotid  or  sut 
clavian  artery  occurs  in  about  1%  0f  cases 
Penetration  with  an  exploring  needle  is  of  no 
consequence,  but  cannulation  with  a  central 
line  or  a  sheath  necessitates  delay  of  the  in¬ 
tended  procedure  to  prevent  catastrophic 
hemorrhage  into  a  body  cavity  or  along  tissue 
planes  during  heparinization,  which  may  be 
fatal  if  unrecognized,  or  recognized  too  late.  If 
the  cardiac  procedure  must  be  done,  prior  re¬ 
pair  of  the  puncture  site  under  direct  visual¬ 
ization  is  mandatory. 

Air  embolism  is  an  ever-present  risk  from 
central  venous  catheterization.  In  order  to  re¬ 
duce  this  risk,  the  procedure  should  be  per¬ 
formed  with  the  patient  in  the  head-down 
position,  especially  in  the  presence  of  a  low 
central  venous  pressure.  Air  embolism  has 
been  reported  to  occur  with  only  a  guide  wire 
in  place  but  is  more  frequent  during  insertion, 
removal,  or  damage  to  a  catheter,  as  well  as 
during  the  injection  of  medications  with  a  sy¬ 
ringe  or  the  piggybacking  of  intravenous  solu¬ 
tions.  In  all  fairness  to  the  anesthesiologists, 
the  frequent  presence  of  air  in  the  innominate 
vein  upon  opening  the  sternum  probably  re¬ 
sults,  in  part,  from  venous  air  embolism 
through  the  sternal  marrow  upon  sternotomy. 
Robicsek  et  al.  described  contrast  medium  in¬ 
jected  into  the  sternal  bone  marrow  of  dogs  to 
appear  rapidly  in  the  azygous  and  hemia- 
zygous  systems,  then  to  the  superior  vena 
cava  and  the  pulmonary  circulation. 

In  the  20%  to  30%  of  adults  that  have  a 
patent  foramen  ovale,  especially  in  the  pres 
ence  of  elevated  right  atrial  pressure  or  in  t  e 
presence  of  cyanotic  congenital  heart  disease 
with  right  to  left  shunting,  the  risk  of  air  em 
lism  extends  beyond  the  symptoms  and  Sjjp** 
of  tachypnea,  chest  pain,  and  arterial  desa 
uration  to  include  systemic  air  embolization- 

Other  complications  of  central  ven0^ 
cannulation  include  creation  of  an  arterl^ 
venous  fistula  by  a  catheter  that  traverses 
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before  entering  a  vein,  pneumothorax, 
art£  and  pericardial  tamponade,  all  of 
hem°h  be  associated  with  the  local 
^vasation  of  fluids  and  drugs;  and  shear- 
extr*  d  embolization  of  the  catheter  itself,  the 
fJL  requiring  retrieval  with  ureteral  stone 
baskets  or  flexible  bronchoscopy  biopsy  for- 
D  to  prevent  in-situ  thrombosis  or  infection. 
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A  57-year-old  patient  with  a  history  of  coronary  artery  bypass 
grafting  both  20  and  10  years  previously,  enters  the  hospital  for 
cardiac  catheterization  after  recurrent  episodes  of  congestive 
heart  failure.  Recent  Doppler  echocardiography  revealed  severe 
mitral  insufficiency  with  mild  depression  of  left  ventricular  con¬ 
tractility.  Catheterization  reveals  a  left  ventricular  ejection  frac¬ 
tion  of  45%  with  florid  mitral  insufficiency  and  a  left  ventricular 
end  diastolic  pressure  of  35  mm  Hg.  The  right  atrial,  pulmonary 
arterial,  and  pulmonary  capillary  wedge  pressures  are  20, 85/44, 
and  36  mm  Hg,  respectively.  Coronary  arteriography  reveals  to¬ 
tal  obstruction  of  the  left  anterior  descending,  circumflex,  and 
right  coronary  arteries.  There  is  a  patent  left  internal  thoracic  ar¬ 
tery  graft  to  the  left  anterior  descending  and  patent  vein  grafts  to 
the  circumflex  and  right  coronary  arteries.  The  circumflex  graft  is 
ectatic  with  a  75%  narrowing  but  remains  unchanged  from  its 
appearance  on  an  angiogram  that  had  been  performed  3  years 
previously  and  supplies  a  tiny  vessel.  Following  the  catheteri¬ 
zation,  the  patient  develops  florid  pulmonary  edema  and  is 
transferred  to  the  intensive  care  unit  for  diuresis  and  your  sur¬ 
gical  evaluation. 

You  concur  that  an  intervention  on  the  mitral  valve  is  indi¬ 
cated.  Since  this  represents  the  patient's  third  open-heart  proce¬ 
dure,  you  elect  mitral  valve  replacement  rather  than  risk  a  less 
than  perfect  repair,  and  select  the  transvalvular  approach  to  pre¬ 
serve  the  geometry  of  what  remains  of  this  patient  s  left  ventricu 
lar  contractility,  which,  in  an  unloaded  ventricle,  generates  only  a 
45%  ejection  fraction.  In  order  to  avoid  dissecting  out  the  entire 
heart  from  its  adhesions  and  because  of  the  small  circumflex,  you 
decide  not  to  regraft  it.  As  you  examine  the  chest  roentgeno- 
gram,  you  notice  what  you  perceive  to  be  the  greatest  ris  o  t  e 
Procedure:  The  internal  thoracic  graft,  as  outlined  by  the  c  psou 
lts  branches,  forms  a  gentle  loop  that  places  it  directly  un  er 
sternum  virtually  at  the  midline.  To  prevent  turning  * 
cardiac  procedure  into  a  total  rout  should  this  vessel  be storied 
uring entry  into  the  chest,  you  must  formulate  a  p  an  op 
and  the  myocardium  it  supplies. 
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SOLUTION 

As  is  a  routine  for  all  reo^df^r the  right 
external  defibrillation  P  heart  prior  to  prep- 
scapula  and  &!£**%££  defibrillation 
ping  and  draping  during  sternotomy 

should  the  hea  divested  of  its  ad- 

or  before  the  heart  h  rteria]  perfusion 

hesions.  You  ^  ^ 

line  from  the  oxy&  ^  a  cannula  ordi- 
artenal  pressu  ^  dg  hen0us  veins  for 
narily  used  to  d*ten *  ?  taternal  tho- 

^£X£**™*«*°** 

annulate  .he  righUom- 
mon  femoral  artery  and  vem  ^h  a  Vconnec 
tor  on  the  venous  line  to  supplement  the 
venous  return  with  right  atrial  cannulas  once 

the  heart  has  been  exposed. 

Rather  than  dividing  and  removing  the  ste  - 
nal  wires,  you  untwist  them  and  leave  them  in 
place  to  help  limit  the  depth  of  penetration  of 
the  sternal  saw.  You  separate  as  much  of  the 
superior  mediastinal  tissue  as  possible  from 
the  underside  of  the  sternum  with  cautious 
finger  dissection  and,  with  a  sigh  of  relief,  ac¬ 
complish  sternal  division  uneventfully.  To 
avoid  the  induction  of  ventricular  fibrillation, 
you  do  not  use  the  cautery  but  employ  sharp 
dissection  to  separate  the  mediastinal  struc¬ 
tures  from  the  undersurface  of  the  sternal 
edges.  This  allows  insertion  of  a  retractor.  You 
cannulate  the  superior  and  inferior  venae  ca- 
vae  and  place  a  retrograde  cardioplegia 
cannula  in  the  right  atrium.  You  do  not  expose 
the  aorta  as  you  have  not  yet  identified  the  in¬ 
ternal  thoracic  artery  pedicle. 

You  must  now  identify  the  internal  thoracic 
artery  pedicle  and  encircle  it  with  a  vessel  loop 
so  that  during  cardiopulmonary  bypass  it  may 
be  clamped  to  prevent  washout  of  cardio¬ 
plegia.  You  accomplish  this  by  sharp  dissec¬ 
tion  of  all  the  mediastinal  fat  from  the  upper 
left  sternum  and  from  the  right  ventricular 
outflow  tract.  The  exposure  is  facilitated  by 
gentle  upward  traction  on  the  left  half  of  the 

SST  Y°u!rdrCle a4cm diameter  mass  of 
fat  that  you  believe  must  contain  the  pedicle 

SS  by  application  of  a 

dlss<*t  tf*  ascending 
catheter  and  begin  rarSDPlrfUSI°n"Venlin8 

t^tng  antegrade-intermittent  retrograde  ^ld 


right  atrial  crystalloid  cardioplegia 
filtration.  ^  ^  ult*. 

The  mitral  insufficiency  resulted  fr 
nificant  prolapse  of  the  anterior  leaflet 
tenuation  of  the  posterior  leaflet  a  ' 
exclusion  of  the  left  atrial  appendage 
internal  purse-string  suture,  you  accompli  ^ 
transvalvular  implantation  of  a  St.  |u^a 
leaflet  valve  and  begin  to  rewarm.  Upon 
lease  of  the  aortic  crossclamp,  the  heartbeat 
to  beat  spontaneously  and  you  begin  th^8 
airing  process. 

Just  as  you  begin  to  relax  and  comment  on 
how  well  things  had  progressed  to  this  point 
the  perfusionist  informs  you  of  a  sudden  dra¬ 
matic  increase  in  the  arterial  line  pressure 
which  has  necessitated  an  abrupt  reduction  irl 
flow.  There  having  been  no  change  in  position 
of  the  cannula  and  no  kinks  or  clamps  on  the 
line,  you  suspect  that  the  tip  of  the  cannula  has 
lifted  a  plaque  in  the  femoral  artery,  which  has 
resulted  in  a  partial  obstruction  to  flow,  or  an 
incipient  retrograde  dissection.  You  quickly 
place  a  purse-string  suture  in  the  ascending 
aorta,  insert  an  aortic  perfusion  cannula,  and 
reestablish  flow  through  the  aorta.  The  re¬ 
mainder  of  the  operative  course  and  the 
patient's  recovery  are  uneventful. 

DISCUSSION 

Success  with  a  case  of  this  complexity  depends 
upon  decision  making  that  encompasses  what 
must  be  accomplished,  what  shouldn  t  be  at¬ 
tempted,  what  is  most  likely  to  go  wrong,  and 
how  to  deal  with  what  might  go  wrong.  One 
must  strive  for  simplicity,  retain  the  ability  to 
change  one's  plan  rapidly  if  required,  and— 
why  not  admit  it— hope  for  some  good  luck. 
The  major  goal  of  this  operation  was  mitra 
valve  replacement  without  causing  damage  to 
the  internal  thoracic  artery  graft.  The  circuin 
flex  graft  was  not  redone,  not  only  because  o 
the  small  size  of  the  circumflex 
tery,  but  also  because  of  the  risks  of 
damage  to  the  internal  thoracic  artery  P®®n 
the  tethering  of  the  heart  by  the  pedic  ^ 
dering  it  difficult  to  rotate  for  expc^e  ut  the 
circumflex,  and  the  necessity  to  e  ^sk 

entire  heart,  which  would  have  a  ^hve 
of  pericardial  tamponade  in  the  pos 
period.  These  concerns  were  wel8  .  0f  the 

the  risk  to  the  patient  of  ultimate*-.  ^  gmall. 
circumflex  graft,  which  was  rega  .ration 
The  application  of  external  e 
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nrior  to  prepping  provided  the  opportu- 
padsP  effective  defibrillation  without  the  ne- 
^  for  rapid  dissection  of  the  heart  from  its 
lesions  to  apply  paddles  directly  on  the 
•  rdium.  This,  too,  would  have  subjected 

Icicle  to  risk  of  damage. 

^The  cautery  was  avoided  in  the  dissection 
use  of  its  capability  to  induce  ventricular 
fibrillation  during  vulnerable  periods  of  the 
"  rdiac  cycle.  If  cautery  must  be  used  near  or 
Tn  the  heart  in  any  cardiac  surgical  case  it 
should  be  applied  only  during  the  refractory 
period  of  the  cardiac  cycle,  as  identified  by  the 
[nidportion  of  the  T  wave  on  the  surface  elec¬ 
trocardiogram,  a  point  at  which  it  is  not  pos¬ 
sible  to  stimulate  the  myocardium. 


during  thC  PreCaUti0ns  lake"  before  and 
during  this  case,  an  unexpected  incipient  ret- 

ograde  dissection  occurred  in  the  common 
femoral  artery  that  required  urgent  re- 
cannulation.  If  cardiopulmonary  bypass  had 
been  initiated  and  the  rise  in  line  pressure  oc¬ 
curred  earlier  in  the  case,  before  the  internal 
thoracic  artery  pedicle  had  been  identified  and 
the  aorta  safely  cleared,  a  more  extensive  aor¬ 
tic  dissection  may  have  occurred  and  injury  to 
the  pedicle  resulted  either  from  the  aortic  dis¬ 
section  or  from  a  hasty  attempt  to  clear  the  as¬ 
cending  aorta.  This  would  have  resulted  in  the 
simultaneous  confrontation  of  two  potentially 
lethal  problems.  It  was  only  good  fortune  that 
spared  the  patient  that  dilemma. 


Afterword 


To  paraphrase  Newton,  all  of  us  have  stood  uoon  t u  u 

<0  «*  morc  ckar,y  **  TOaf  to  our  goal:  the  deliver^  of S  °J 
K  to  our  patients.  Not  always  prepared  emoM„„,ll  °Pt,mal  "'alth 

comprehend  hilly  the  vistas  that  stretch  before  us  buVt  ^',eXpcricnce  t0 
uncertainty,  bad  judgment,  gross  error,  and  feelLs  £  A  V 
trying  to  maintain  our  balance  at  these  dizzying  heights  weT*9, 
the  learning  process  is  lengthy,  arduous,  painhd,  anf  oc’casioXle^' 
We  then  perceive  that  it  is  advantageous  to  our  sense  of  accomp  isWm 
and  to  the  survival  of  our  patien  ts  not  to  make  the  same  mist!  nvcT 
Compassion  alone  is  not  enough;  the  world  is  hdl  of  well-meaing  people 
The  key  to  achieving  the  most  consistently  successh.1  delivery  of  health 
?■  ueS,  acquisition  of  knowledge  and  its  wise,  compassionate,  and 

skillful  application.  Life  provides  the  opportunities  necessary  to  achieve 
this  goal,  but  unless  one  has  been  made  aware  by  one’s  mentors  that  such 
opportunities  abound,  one  will  pass  them  by,  totally  unaware  of  their 
existence  or  their  significance.  Such  awareness  requires  the  cultivation  of 
ones  powers  of  observation,  plus  a  critical  and  dispassionate,  yet  non- 
judgmental,  recollection  of  unusual  events,  chains  of  circumstance,  and 
encounters  with  new  therapies,  both  successful  and  disastrous.  It  is  by  our 
prompt  analysis  of  each  new  event,  procedure,  or  treatment,  that  we  build 
a  fund  of  knowledge  over  the  years  which  constitutes  the  experience  that 
provides  the  foundation  for  the  art  and  science  of  our  medical  practice. 
Not  only  does  it  reduce  the  chances  of  our  making  the  same  error  twice,  it 
also  gives  us  the  ability,  often  under  adverse  circumstances,  and  frequendy 
with  incomplete  information,  to  make  correct  decisions. 

In  the  cardiac  surgical  arena,  several  keys  facilitate  the  conversion  of 
experience  to  effective  action.  The  first  is  the  indispensability  of  constant 
vigilance.  We  are  surrounded  by  assassins  at  every  turn.  It  is  truly  amazing 
how  quickly,  and  with  what  diabolic  persistence,  a  small  piece  of  adventi¬ 
tia  or  arteriosclerotic  debris  will  find  its  way  into  a  coronary  arteriotomy 
and  he  responsible  for  a  subsequent,  unexplained  obstruction  of  that 
v«sel.  A  suture  may  become  tangled  or  stuck  to  a  glove  and  result  in  e 
a  tupt  avulsion  of  a  graft  from  its  newly  completed  anastomosis,  t  is 
equally  amazing  how  focused  one’s  attention  can  be  upon  a  sm  ^  pa 
a  smaU  operative  field,  with  great  mischief  gathering  beyond  one  sim- 
me  iate  field  of  vision.  Operating  upon  the  heart  means  a 

*11  times  ,o  the  myriad  rhythms  of  the  room-the  mot, onofthe  lungs, 
he  col°t  of  the  blood,  the  flashing  of  the  monitors,  the  chirpi  g 
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^arms,  even  tU 

ctwchat^S;fr,r^t0 

or  different  'S.,be  ab“t  totimmf  ^  ^  beat'  '  r“' 
sie«  to  do  S'*  *!“t  a  Problem  Zl  *•>  P^Wans  in  the 


het'bet5  ^  *  Plrtil"y 


an- 


*■*  ^:z7oz:^ 

*  tKm Umeemlme!S 

surgical  1 Wing  a  approach  to  cardiac 

orderly  see uence  of  even  rt  ma,ntenan“  of  simplicity.  A  predicuble. 
can  accommodate  LdT„t  *?*  ***71  “  wl>ich  everyone 

abdi^“dterrt,hCt'°n  °  fH1  hearu  Tbe  SUr8e°n’  While  "«i«taining  die 
lity  to  alter  the  surgical  plan,  should  not  change  the  normal  sequence 

reodi  r,"eS7“hOUt  fTWarnmg’  S°  that  ^  member  of  the  team Tan 
eadjust  and  arrive  at  the  same  stage  of  the  operation  at  the  same  time.  It 

is  always  awkward  to  request  clamp  and  receive  a  scalpel! 

inally,  it  is  essential  that  members  of  the  team  be  able  to  anticipate 
the  next  step  in  a  procedure.  This  can  be  done  only  if  the  basic  order  of 
events  has  been  preserved.  It  also  presupposes  that  everyone  knows  the 
steps  to  follow  in  the  first  place.  Any  changes  in  sequence,  or  introduc¬ 
tion  of  new  instrumentation  or  technology,  should  be  the  subject  of  an 
in-service  training  session,  or  even  dry  run,  until  everyone  is  comfortable 
with  the  revised  procedure. 

We  should  remember  that  we  are  all  part  of  an  intimidating,  unwel¬ 
come,  and  terrifying  experience  for  most  patients  who  become  suddenly 
aware  that  their  organic  integrity  is  about  to  be  violated,  their  mortality 
confronted.  Our  patients  exhibit  great  courage  and  trust  as  they  face  the 
unknown  at  the  mercy  of  strangers  who  now  control  events  that  affect  the 
quality  of  their  lives  and  even  their  ultimate  survival.  As  they  submit  to 
our  ministrations,  it  is  our  obligation  to  maintain  vigilance,  to  open  com¬ 
munication  between  colleagues,  to  standardize  and  simplify  procedures, 
and  to  anticipate  outcomes,  so  that  we  really  are  in  a  position  to  lead  our 
patients,  not  follow  them. 

By  constantly  adding  to  our  fund  of  knowledge,  by  recognizing  our 
limitations,  and  by  never  hesitating  to  request  assistance  when  needed,  we 
— n  reduce  the  incidence  of  near  misses  and  spare  our  patients  the  devas- 
ion  of  a  direct  hit — a  consummation  devoudy  to  be  wished! 


can 
tation 
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Index 


postoperative, 

acute  respiratory  distress  syndrome  (ARDS), 
95-% 

acute  surgical  abdomen,  119-121 
adhesions,  63, 135, 136 
division  of,  14 

and  pacemaker  lead  removal,  92 
air  embolism 

and  bone  marrow,  6, 132 
causes,  6 

and  central  venous  cannulation,  132 
and  intra-aortic  balloon  counterpulsation, 
108 

monitoring  suspected,  % 
and  neurologic  injury,  6 
and  prosthetic  valve,  95-% 
treatment,  6 

and  ventricular  fibrillation,  5-7, 36 
airway  obstruction 
etiologies,  68, 69 
treatment,  68 
allopurinol,  28 
Arnica,  129 
aminoglycoside,  32 

amiodarone  and  pulmonary  dysfunction, 
59-61 
amrinone,  9 
amrinone  lactate,  78 
anastamoses 

occlusion  and  angioplasty,  42 
sealing,  102, 103 
anemia,  89-90 
anesthesiologist,  xi,  140 
and  air  embolism,  6 
and  brachiocephalic  vessel  injury,  112 
and  hypoventilation,  63-64 
and  perfusionist,  72 
and  potassium  toxicity,  9-11 
aneurysm,  39-40 
abdominal  aorta,  89-90 
aortic,  103 

and  congestive  heart  failure,  40 


abdominal  aorta 
aneurysm,  89-90 

abdominal  complications, 

119-121 


an^9^9QI1ar^  artery  disease  association, 
false,  52, 103 


splenic  artery,  90 
surgical  survival  rate,  103 
ventricular,  40 


angiography,  116-117 
angioplasty,  47-48 
backup  protocols,  117 
versus  cardiopulmonary  bypass,  42-43 
clot  risk,  42 
and  dissection,  42 

and  emergency  cardiopulmonary  bypass, 
41-43,85-86,115-117 
indications  for,  42 
antibiotics,  32, 46 
anticoagulants,  72 
antihistamines,  10 

aorta.  See  also  aortic  cannulation;  aortic 
dissection 
abdominal,  89-90 
aneurysm,  103 
annulus,  97-99 
bioprosthesis,  97-99 
crossclamping,  72 
valve  replacement,  97-99 
and  ventricle,  discontinuity,  97-99 


aortic  cannulation 

blood  pressure  control,  72 
and  dissection,  2, 58, 102 
and  infection,  52 
and  retroperfusion,  % 
aortic  dissection,  31-33 


and  cannulation,  1-2, 58, 102 
etiology,  102 

and  intra-aortic  balloon  counterpulsation, 


■ricardiai  lamponauc, 
llmonary  artery,  102 
emotomy  infection,  32-33 
eight  lifting,  101-103 
»hy,  112—113 
,129 
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£  arrh; 

F  after 


_dio.no”  oonw'^iheior, 
j.  1  aortic  aT^ery 

aihorerto  my.« 

autotransfusion,  103,1 

barbiturate  coma,  induced, 

basilic  vein,  86 

Bentall  procedure,  102, 

^,^51,124,123 

biv;^^p°™ds''di,feren,ia' 

Hon,  20 

Bjork-Shiley  prosthetic  valve, 


.,132 

blunt  injury,  111-113 

bradycardia,  115 
sinus,  116 

bronchoscopy,  4, 45 

flexible  fiberoptic,  67-68, 112 


bone  marrow 

and  air  embolism,  6 

brachicephalic  vessels. 


calcium  chloride,  10, 128 
cannula  tion 

and  aortic  dissection,  1-2, 58, 102 


and  carotid  artery,  4 
central  venous,  132-133 
complications,  132-133 
and  endarterectomy,  132 
and  femoral  artery,  14, 112, 113, 136 
and  infection,  52 
and  jugular  vein,  132 
and  retroperfusion,  96 
venous  drainage,  occlusion,  57-58 
cardiac  transplant,  28-29, 48 
cardioplegia,  35-37, 42 
antegrade,  36, 71 


antegrade-retrograde,  9-11, 116, 127, 136 
and  aortic  dissection,  102 
retrograde,  32, 36 
washout,  136 


cardiopulmonary  bypass 
and  acute  surgical  abdomen,  1 19^-121 
and  air  embolism,  5-7, 36, 196 

and  airway  obstruction,  67-69 
and  aneurysm,  89-90, 103 


versus  angioplasty,  42-43 
and  angioplasty  emergencies  41  „ 
85-86,115-117 

and  aortic  dissection,  1-2,  31-Vi 
101-103  ,58- 

and  aortic  valve  replacement,  97 
and  coagulopathy,  127-129  ^ 

conduit  selection,  85-86 
graft  closures,  43 
versus  heart  transplant,  survival 
and  hemoptysis,  3-4  rates.  48 

and  hypotension,  postoperative  71-. 
and  hypoventilation,  63-64  ’ 

and  infection,  23-25,  31-33, 5i_52 
and  left  ventricle  dysfunction,  48  ’ 
and  mediastinitis,  45-46, 51-52  120 
versus  medical  treatment,  mortality 
and  metastatic  mass,  67-68  y' 48 

and  pacemaker  lead  removal,  91-93 
and  pleural  effusion,  81-83, 131-133 
and  potassium  toxicity,  9~\\ 
and  prosthetic  valve  thrombosis  13^ 
and  pulmonary  hypertension,  77-7q 
risks,  43  v 


and  sternotomy  infection,  31-33 
and  ventricular  fibrillation,  5-7, 35,37 
and  ventricular  septal  defect,  53-55 
carotid  artery 
cannula  tion,  4 


and  central  venous  cannulation,  132 
and  coronary  artery  disease,  90 
and  innominate  artery  injury,  112 
Carpentier-Edwards  valve,  98 
catheter.  See  also  Swan-Ganz  catheter 
and  artery  perforation,  3-4, 132 
and  hemoptysis,  3-4 
cautery  and  ventricular  fibrillation,  137 
cefotaxime,  78 
cell  saver,  128 

central  venous  cannulation,  132-133 
cephalic  veins,  63, 86, 87 
cerebral  circulation  retroperfusion,  % 
chorda  tendina,  ruptured,  57 
clamps,  72 

and  dissections,  2 
clots,  47-48 
mediastinal,  52 
coagulopathy,  127-129 
communication  and  surgical  team,  140 
computerized  tomographic  scan,  32 
limitations,  113 
congestive  heart  failure,  53 

and  myocardial  infarction,  65-66 
and  prosthetic  valve  thrombosis,  13-  - 
and  ventricular  aneurysm,  40 
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hleshooting,  66 

cot*0'6'  Artery  byp^  ** 
cort^ZJ^ry  arteiy  ‘>yPass' 48 

^.K~H 

Courw^'  ^ 

^Vospho^.27 

pacron  gwft' 32 
and  aneurysm,  40 

and  aortic  dissection,  102 

nd  aorto-ventricular  discontinuity,  99 
and  ventricular  septal  defects,  54 
PDA  VP,  129 

defibrillation  patdies,  14,32 
and  reoperation,  135-1 5/ 
desmopressin  acetate,  1 29 
diagnosis,  xii 

diphenhydramine  hydrochloride,  78 

dipyridamole,  14 

dissection 

aorta.  See  aortic  dissection 
and  clamps,  2 
femoral  artery,  137 
and  right  coronary  artery,  115-117 
dobutamine,  5, 48 

dopamine,  14, 19, 23, 53, 73, 74, 107, 127 
side  effects,  74 

Doppler  echocardiography,  53, 57, 78, 95 
and  air  embolism  monitoring,  96 
and  ventricular  septal  defect,  54 
drug  reaction,  78-79 


echocardiography.  See  Doppler 
echocardiography 

endarterectomy  and  cannulation,  132 
endocarditis,  97 
endotracheal  tube,  105 
and  catheter-induced  hemoptysis,  4 
displacement  and  hypoventilation,  64 
obstruction,  67-69 
and  sepsis,  23 

epinephrine,  9, 10, 36, 128 
epsilon-aminocaproic  acid,  129 
Escherichia  coli  infection,  23 


femoral  artery 

cannulation,  14, 112, 113, 136 
dissection,  137 

and  intra-aortic  balloon  counterpulsation, 
65-66 

femoral-femoral  cannulation,  14 
fetanyl,78 


fibrinolysis,  129 
free  radicals 

and  pulmonary  hypertension,  78 
and  reperfusion,  28 
scavengers,  28 
furosemide,  106 

gastrointestinal  bleeding,  73, 91-93 

Hancock  bioprosthesis,  98 
heart  murmur,  35 

hematocrit,  low  preoperative,  89-90 
hematoma 

and  innominate  artery,  111-113 
and  peritoneum,  120 
hemoptysis,  catheter-induced,  3-4 
heparin,  3, 107 
administration,  72 
and  coagulopathy,  129 
and  prosthetic  valves,  14 
and  protamine,  10 
hyperbaric  oxygenation,  6 
hyperkalemia.  See  Potassium  toxicity 
hypotension,  9-11, 73-75 
hypothermia,  induced,  6 
hypothermic  circulatory  arrest,  103 
hypothyroidism,  73-75 
hypoventilation  and  cardiopulmonary 
bypass,  63-64 

iliac  artery  and  intra-aortic  balloon  pulsation, 
113 

infants  and  pulmonary  hypertension,  78 
infection,  23-25 

and  cannulation,  52 
and  endotracheal  tube,  23 
and  pacemaker  leads,  91-93 
and  peritoneum,  119-121 
and  prosthetic  valve,  52, 99 
and  reoperation,  31-33, 51-52 
and  sternotomy,  31-33, 45-46, 51-52 
and  suture  lines,  52 

innominate  artery,  hemorrhage,  111-113 
innominate  vein  and  cannulation,  1 32 
internal  thoracic  artery,  42, 45 

as  conduit,  86 

and  mitral  valve  replacement,  135-13/ 
intra-aortic  balloon  counterpulsation,  6, 9, 23, 
27,32,47,54,86 
and  angioplasty  backup,  117 
and  aortic  dissection,  108 
and  coagulopathy,  127-129 
complications,  107-109 
console,  troubleshooting,  66 
emboli,  108 
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entrapment,  107-109 
and  femoral  artery,  65-66 
perforation,  108 
isoproterenol,  10 
isoproterenol  hydrochloride,  78 
isuprel,  10 


Judkins  approach  angiography,  117 
jugular  vein  and  cannulation,  132 


laparascope,  120 
laryngospasm,  68 
laser  angioplasty,  42 
left  anterior  descending  artery 
angioplasty  risk,  42 


occlusion  and  ventricular  septal  defects  54 
left  ventricle.  See  also  ventricular  fibrillation 
aneurysm,  39-40 
assist  device,  28-29, 48 


and  cardiopulmonary  bypass,  48 
ischemia,  78 
power  failure,  36-37 
septal  defect,  53-55 
Levophed,  73 
levothyroxine,  74-75 
lidocaine,  74, 116, 123 

and  free  radical  formation,  28 


mannitol,  6 

Manouguian  procedure,  98 
mediastinitis,  45-46, 51-52, 120 
mediastinum 

hematoma,  111-113 
and  peritoneum,  air  passage,  120 
metastatic  masses,  67-68 
methylprednisolone,  78 
mitral  valve,  5 

papillary  muscles,  54 
rupture  versus  ventricular  septal  defect, 
differential  diagnosis,  54 
mitral  valve  replacement,  24.  see  also  pros¬ 
thetic  valve 

and  internal  thoracic  artery  graft,  135-137 
and  pleural  effusion,  131-133 
and  thrombosis,  13-15 
muscle  bridge  division,  1-2 
muscle  relaxants  and  airway  obstruction,  68 
myocardial  infarction 

and  congestive  heart  failure,  65-66 
and  ventricular  fibrillation,  115-117 
and  ventricular  septal  defect,  53-55 
myocardium,  perfusion,  36 

needle  venting,  6 

neurologic  injury  and  air  embolism,  6 


68 


nih°P^We  32 '° 
n°-refloWDK'  2 
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N™«Procedui^.23 

°*ygenator  ayol*W. 
end  air  emb„Usm  6  " 

'Peculation  shunt  cu-  . 
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Pacemaker  72 

adhesions,  92 

SEES-’**®* 

a.!!d  valve  prosthesis,  125 
papillary  muscle,  rupture  ii* 
Pectoral  muscle  flap  rotation  aa 

Peptic  ulcer,  mitralLS 

nosed  as,  105-106  6ncy  misdiag 
perfusionist,  57-58, 71-72, 136 
and  anesthesiologist,  72 
and  anticoagulants,  72 

artrl  • _ 


aortic  dissection,  32, 102 
and  biventricular  failure,  differentiation 
20 

and  central  venous  cannulation,  133 
and  coagulopathy,  128-129 
delayed,  74 
diagnosis,  20 
and  pacemaker  lead,  124 
ricardiocentesis,  124 
ripheral  vascular  disease,  90 
ritoneum  infection,  119-121 
larmacologic  treatment  versus  cardiopul 
mary  bypass,  48 
enolanine  mesylate,  73 
osphodiesterase  inhibitor,  36 
;ural  effusion,  81-83/ 131-133 
eumoperitoneum,  119-121 
eumothorax,  tension,  68, 1 
rcine  bioprosthesis,  97"^  j  akinetic 
sitron  emission  tomograp  y 
'ocardial  segments,  48 


rdvenous  endothelid01'  ^ 
ure  transducer,  124 


priscoline, 78 
prostaglandins,  78 

Esthetic  valve,  73.  See  also  mitral  valve 

replacement 

and  air  embolism,  95-96 
annular  abscesses,  52, 99 
and  aorto- ventricular  discontinuity,  97-99 
biologic  versus  mechanical,  14, 98 
and  infection,  52, 99 
and  pacemaker,  125 
structural  failure,  comparisons,  98 
sutures,  97-99 
thrombosis,  13-15 
prostoglandin  E,,  10 
protamine,  4, 63 
and  heparin,  10 
reaction,  10, 64 
protamine  sulfate,  78 
pro vid one-iodine  See  Betadine 
pulmonary  artery 

and  aortic  dissection,  102 
catheter  perforation,  3-4 
hypertension,  77-79 
pulmonary  edema,  23,  47, 57 
and  mitral  insufficiency,  105-106 
pulmonary  hypertension,  77-79 
pulmonary  hypertension 
and  infants,  78 

quinidine,  59 

radionuclide  imaging,  20 
radionuclide  wall  motion  study,  48 
ranitidine  hydrochloride,  78 
reoperation,  119-121 
and  amiodarone  side  effects,  59-61 
and  defibrillation  pads,  135-137 
and  infection,  51-52 
and  occult  hypotension,  73-75 
and  potassium  toxicity,  9-1 1 
and  sternal  division,  135-137 
and  sternotomy  infection,  31-33, 51-52 
retroperfusion,  96 
right  atrial  tamponade,  20 
right  bundle  branch  block  and  pulmonary 
artery  catheterization,  4 
right  coronary  artery 
dissection,  115-117 
and  septal-apical  defects,  54 
roto-ablation,  42 

St-  Jude  prosthesis,  13, 14, 98, 106 
and  aortic  dissection,  102 
saline  and  catheter  insertion,  4 
saphenous  veins,  3 


allografts,  86 
alternatives,  85-87 
lesser,  86 

ultrasonic  scan  check,  87 
serub  nurse,  72 

simplicity  and  cardiac  surgery  140 
sinogram,  32 

sinus  bradycardia,  116 

sodium  bicarbonate,  10 

sodium  warfarin,  14 

Soncs  approach  angiography,  1 16-1 17 

splenic  artery,  aneurysm,  90 

standardization  of  approach,  140 

Staphylococcus  aurea  infection,  23, 51-52, 91-93 

sternotomy,  infection,  31-33. 4546,  51-52 

steroids,  6 

ST-segment,  27, 47 

and  ventricular  fibrillation,  115, 116 
sutures 

and  aneurysm,  40, 103 
and  aortic  annulus,  97-99 
and  infection,  52 
and  mediastinitis,  52 
Swan-Ganz  catheter,  65, 95 
artery  perforation,  3-4 
and  subpleura]  hemorrhage,  83 
and  ventricular  septal  defect  diagnosis,  54 

teamwork  and  surgery,  xi-xii,  72, 83, 

139-140 

Technetium-99m  ventriculography,  73 
and  pericardial  tamponade,  differential 
diagnosis,  20 

tension  pneumothorax,  68, 125 
thallium  scanning  and  akinetic  myocardial 
segments,  48 
thiopental,  6 
thoracotomy,  108, 113 
thrombolysis,  27 
thrombosis,  13-15 
thyroid  hormones,  74-75 
traction  and  pacemaker  lead  removal,  92 
transesophageal  echocardiography,  20 
transfusion  reaction,  78 
transmural  infarction,  45 
transplant,  28-29, 48 
Trend  lenburg  position,  6, 96 
tricuspid  valve,  92 

ultrasonic  scan  check  of  veins,  87 
uremia,  74 

urine  output,  impaired,  1, 2 

valve  prosthesis.  See  prosthetic  valve 
vena  cava 
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and  cannulation,  58 
dot,  20 

venous  drainage  ocdusion,  57-58 
ventricular  fibrillation 
and  air  embolism,  5-7 
and  assist  device,  28-29 
and  cautery,  137 

and  myocardial  infarction,  115-117 


postoperative,  35-37 
and  sternum  infection,  32 
ventricular  septal  defect,  53-55 
vigilance  and  cardiac  surgery,  139-140 

weight  lifting  and  aortic  dissection,  IOI-I03 

xanthine  oxidase  inhibitor,  28 
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